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1.1 CONCEPT OF COMPOSTING A D PRACTICAL USE 
Composting is an aerobic, heat-producing, and controlled process by which a wide spectrum of 
organisms converts a mixed organic substrate into water; carbon dioxide (CO2); inorganic 
nutrients; and stabilized sanitized organic matter (humus) (Figure 1.1). In contrast to natural 
rotting or decomposition, the environmental conditions during composting (e.g., moisture, 
temperature, substrate composition, and oxygenation) remain controllable (Zucconi and de 
Bertoldi 1987; Sharma et al. 1997; Baldwin and Greenfield 2009) and the process produces a 
recognizable heat peak (Kutzner 2000) (see also 1.2). Composting is considered important for 
sustainable agriculture and partly solves the problem of organic waste treatment (Sharma et al. 
1997; López et al. 2008). It is an effective tool for the management of municipal and agro-
industrial wastes by converting raw organic materials into a stabilized form, destroying human 
and animal pathogens and recycling valuable plant nutrients (Naidu et al. 2004). Multiple 
reported and include increased soil organic matter content (Termorshuizen et al. 2004) and the 
subsequent improvement of soil aeration, soil porosity, drainage, and water holding capacity 
(Cogger 2005; Kuo et al. 2004; Termorshuizen et al. 2004). Furthermore, compost can provide an 
important source of nutrients for plants by providing readily available nitrogen and by 
Zvomuya et al. 2008). Composts are also known for their disease-suppressive activity based on 
both physicochemical and biological mechanisms (Akhtar and Malik 2000; Bailey and Lazarovit, 
2003; Kuo et al, 2004; Oka 2010; Reuveni et al. 2002). Another benefit of compost application is 
the suppression of weed seeds (De Cauwer et al. 2010, 2011). Therefore, truly functional 
compost should meet criteria for stability and maturity (see 1.3) before application (Zorpas 
2009). 
The use of compost significantly impacts the soil fauna and ora (Pfotzer and Schüler 1997). 
Application of compost enhanced the biological activity of the soil (i.e. higher microbial activity 
and higher numbers of protozoa and bacterial-feeding nematodes), resulting in enhanced 
turnover of organic matter and release of plant available nutrients (Forge et al. 2003). In 
translocating and transforming litter and soil organic matter and in changing the supply of 
nutrients to plant roots, soil fauna fulfill crucial roles in the nutrient supply and the conservation 
of the soil structure (Brussaard et al. 2004). Hence, compost application can strengthen the role 
of the living soil. However, current insight into the consequences of compost addition for the 
complex interactions in the soil is limited. In addition, soil biota can be considered important soil 
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quality indicators. The nematode community in particular is strongly inue ced by soil physical 
and chemical properties (Boag and Yeates 1998; Goralczyk 1998). Furthermore, there is 
considerable evidence that organic amendments cause changes to the whole soil nematode 
community, affecting the presence and abundance of different nematode groups (Bulluck et al. 
important role in nutrient cycling because of its abundance, rapid life cycle and intricate 




1.2 PARAMETERS AFFECTING COMPOSTING PROCESSES 
Under optimal conditions the composting process can be divided into temperature-related 
phases (Tuomela et al. 2000; Ishii et al. 2000; Ryckeboer et al. 2003b): within a few hours or a 
couple of days after mixing of the feedstock materials, the thermophilic phase (45-70°C) starts, 
lasting a few days, several weeks or even months (particularly in food wastes). Afterwards there 
is a mesophilic or cooling phase with temperatures below 45°C, during which mesophile 
organisms (often different from those of the feedstock materials) recolonize the substrate. The 
maturation (or curing) phase is a stabilization phase which can last for several weeks to several 
months. Temperature is very often not uniform throughout the composting mass with the 
center tending to be hotter than the peripheral edge. Heat production during composting is 
almost completely due to heat liberation from microbial metabolisms and is mainly determined 
by the degradability and energy content of the substrates, the availability of moisture and 
Figure 1.1 




oxygen, and the mode of energy conservation (Kutzner 2000; Ryckeboer et al. 2003). An 
adequate supply of oxygen is needed for aerobic microbial activity and to avoid offensive odours 
primarily produced by the anaerobic microbial community. Since decomposition predominantly 
occurs in the thin liquid films on the surface of the organic material, moisture plays an essential 
role (Kutzner, 2000). If moisture levels drop below a critical level (< 30%) microbial activity will 
decrease, while a moisture content that is too high (>65%) can cause oxygen depletion and 
losses of nutrients through leaching (Ryckeboer et al. 2003b). Nitrogen and carbon are the 
primary nutrients required by the microbial community in composting (Xu 2012). Optimal C/N 
ratio for active composting has been reported to range between 25 and 35 (Tuomela et al. 
2000). If N is limiting during the process, decomposition of plant carbohydrates such as 
hemicellulose and cellulose will be reduced (Eiland et al. 2001). During composting the C/N ratio 
decreases due to the release of CO2 as organic substrates are decomposed and due to the 
incorporation of N-rich microbial/fungal biomass into the organic substrata. Ammonium (NH4
+) is 
released during the rapid degradation of readily available substrates in the beginning of the 
process and causes the compost pH to increase, generally to above 8 (Wichuk and McCarthney 
2010). 
1.3. COMPOST MATURITY VS. STABILITY  
In order to be considered beneficial for the soil (see also 1.1) compost must be of high quality. 
Maturity and stability measures are used to evaluate or analyze the composting process and are 
important parameters for compost quality assessment. Maturity is a general term describing the 
fitness of the compost for a particular end use, while stability can be defined as the extent to 
which readily biodegradable material has decomposed (Sullivan and Miller 2001; Gómez et al. 
2006). In other words mature compost is ready to use and will not cause adverse effects when 
used as, or applied to, plant-growing media while stable compost only refers to the resistance of 
the compost organic matter to further degradation. One of the key issues in compost research is 
to assess compost maturity as the status of the compost ultimately determines the quality of the 
product and the associated advantages as mentioned above (Tognetti et al. 2007; Moral et al. 
2009). Nevertheless, compost maturity is often loosely defined as the state when compost is 
dominated by humic substances (Dinel et al. 1996) or as the state where the temperature 
reaches a near-ambient level (Cooperband 2000). For the past decade, researchers have 
proposed multiple chemical and physical variables (Zmora-Nahum et al. 2005; Sellami et al. 
2008) to assess maturity as well as biological parameters (Gómez et al. 2006). At present and to 
the best of our knowledge, none of the proposed tests reliably, consistently, and unequivocally 
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quantifies compost maturity and stability as a stand-alone measure (Rynk 2003; Wichuk and 
McCartney 2010). Other important characteristics that need to be considered for evaluation of 
proposed maturity tests are required expertise, necessary lab equipment, time, and costs. 
1.4. COMPOST BIOLOGY AND ITS POTENTIAL AS AN INDICATOR OF THE COMPOSTING 
PROCESS STATUS 
1.4.1. State of the art 
Despite the fact that the compost fauna is not well known, interest in the ecological effects of 
composting has been growing and recently soil fauna is proposed as a potential tool to evaluate 
the ecotoxicology of compost (Kapanen and Itavaara 2001). However, the compost is 
comprised of fauna that can be used in assessing the maturity and quality of the compost. In 
general, biological parameters have enormous advantages for monitoring a given system, i.e., 
they are well correlated with ecosystem functioning, they respond sensitively to 
management practices and climate, and they illustrate the chain of cause and effect (Doran 
and Zeiss 2000). The surplus value of biological parameters in system monitoring holds true, 
especialy for compost being the direct result of a biological process. 
Compost supports a diversity of microbes (e.g., fungi, bacteria, actinomycetes, and algae), 
micro-fauna1 (protozoa), and mesofauna1 (mainly annelids, arthropods, and nematodes) 
(Cooperband 2000; Young et al. 2005). The microbes and microfauna are the chemical 
decomposers responsible for the organic matter decomposition through aerobic respiration, 
while the larger organisms (mesofauna) are the physical decomposers important for the 
(initial) mechanical breakdown of organic materials into smaller particles, thereby increasing 
surface area for microbial action (Cooperband 2000; Young et al. 2005) and/or mesofauna, and 
occupying key positions in the compost food chain. 
Although microbes execute the major share of the primary decomposition, mesofauna have 
multiple advantages over soil microbes and micro-fauna as indicators for the quality and 
status of the compost. In general, mesofauna are more integrated in the food web by being one 
or two steps higher and their response to changes in the environment are more significant on a 
stable temporal scale because of their longer generation time, this way making it possible to 
                                                          
1
 According to a generalized classification of soil fauna based on body length, microfauna ranges from 0.02 
to 0.16 mm while mesofauna ranges from 0.16 to 10.4 mm (from Wallwork, 1970 in Coleman et al. 2004). 
As such, mesofauna is not synonymous to meiofauna, a term used to describe aquatic benthos retained 
on sieves with a mesh size of 44 µm but passing through a mesh size of 0.5 mm (Giere 2009), nevertheless 
both comprise largely the same major taxa, including nematodes. 
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distinguish between real  environmental changes and transient nutrient flushes. In 
addition, some mesofauna groups (e.g., nematodes and mites) occur at more than one level in 
the energy pyramid and are representative of several levels of consumers. 
In this chapter, we provide an overview of the mesofauna found in compost and discuss the 
potential for each taxon to be an indicator of compost quality and process status. In the 
second step, the use of effective indicators is further elaborated, based on nematodes as 
the most promising group. 
1.4.2. Mesofauna in compost 
Together with bacteria, fungi, and other microbes (e.g., actinomycetes), the mesofauna in 
compost form a complex food web or energy pyramid with primary, secondary, and tertiary 
levels of consumers. Obviously, the base of the pyramid or the energy source is made up of 
organic matter. All the levels above are populated, though not exclusively, by mesofauna. The 
mesofauna of compost includes Isopoda, Myriapoda, Acari, Collembola, Oligochaeta2, 
Tardigrada, Hexapoda and Nematoda. This wide spectrum of organisms forms a complex and 
rapidly changing community that is not limited to a specific compost but can be found from 
vermicompost to mushroom compost and from small- to large- scale controlled or open-air 
composting processes. However, the available information on mesofauna from compost is 
limited and mainly only present in grey  literature or from non-scientific works. Information on 
their presence relative to the stage of a compost process (thermophilic phase, cooling phase, 
and maturation phase) is virtually absent. This limited information on compost mesofauna, 
ranging from structuring or natural compost inhabitants to more accidental taxa, will be listed in 
the following text. The known compost taxa can hereby be roughly classified according to the 
following main focuses: 1) their direct and visible influence on the compost process (i.e., mainly 
Oligochaeta) and 2) merely accidental records from general biodiversity studies. According to 
Coleman et al. (2004) earthworms are strictly macrofauna but for the sake of simplicity they are 
included in this overview of mesofauna. 
Within the phylum Annelida, earthworms occur in diverse habitats with a lot of organic material 
like manure, litter, and compost (Sharma et al. 2005). Earthworms are very important physical 
decomposers in the composting process because they maintain the aerobic condition in the 
compost by tunneling, and therefore mechanically partitioning the organic matter while feeding 
on this material. As a consequence, they facilitate the transformation of nutrients into available 
                                                          
2 According to Coleman et al. (2004) some Oligochaeta such as Lumbricidae should be considered as 
macrofauna but for the sake of simplicity they are here included within the mesofauna. 
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forms and increase microbial activity (Devliegher and Verstraete 1995; Yakushev et al. 2009). 
When earthworms are artificially added to a composting process, the process is called 
vermicomposting. Many recent studies focus on this inoculation with epigeic earthworms and 
their potential to recycle organic waste materials into value-added products is well documented 
(e.g., Suthar and Singh 2008). Inoculation with earthworms accelerated the decomposition 
process (Manna et al. 2003), though the composting potential of different species in diverse 
compost situations remains to be investigated (Suthar and Singh 2008). In a study on forest 
litter decomposition by Manna et al. (2003), the composting potential of Eisenia fetida was 
clearly superior compared to other species (i.e., Perionyx excavatus and Dicogaster bolaui). At 
present, E. fetida is the most popular compost earthworm and is known under various common 
names, including redworms, brandling worms, and tiger worms. Owing to its recognized 
function in a compost process, E. fetida specimens are widely commercialy available in 
temperate regions for use in vermiculture. Domínguez et al. (2001) investigated the biology and 
ecology of the earthworm Eudrilus eugeniae, which is indigenous in Africa but bred extensively 
internationally for the fish bait market. These researchers concluded that this earthworm 
species might be a good candidate for vermicomposting in tropical climates. Thus, earthworms 
have a well-known positive effect on compost, but they usually only reach high densities after 
inoculation and/or within specific controlled circumstances. Furthermore, they are not present 
in all stages of the composting process. 
Mites (Acari) are commonly found in compost (Ødegaard and Tømmerås 2000). Smith et al. 
(1998) and Skoracka et al. (2002) provided an overview of the species found in the 
investigated composts (respectively in Canada and in Central Europe). Clift and Terras (1995) 
associated bio-indicator value with mites based on a reported range of mite fauna in most of 
their investigated mushroom composts. This study reported the presence of either red pepper 
mites (Siteroptes mesembrinae) and/or bacterial feeding mites (Histiostoma feroniarum) and 
associated these mites with the reduced mushroom yield. Clift and Terras (1995) believe 
these species can serve as an indicator species for poor pasteurization or conditioning in 
mushroom compost processes. Other encounters with mites (i.e., Pygmephorus sp., 
Histiostoma sp., and Parasitus bituberosus) in mushroom compost were reported by Al-Amidi 
(1995). Although the contributions of mites in the compost food web are not known, mites 
cover multiple levels of the food web, ranging from scavenging on organic debris to fungal-
feeding, bacterial-feeding, and predators, and most likely can have a certain structuring effect 
on the compost process, but this is not yet studied.  
Within the arthropods, beetles (Coleoptera) are the most diverse animal group and they can 
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be found in almost all habitats, including compost (Ødegaard and Tømmerås 2000). Beetles 
might act as decomposers, fungivores, or as predators on other insects present in the 
compost (Ødegaard and Tømmerås 2000). Compost heaps can be very rich in beetle species: 
273 species were found in compost from Lulea in northeastern Sweden (Lundberg and 
Persson 1973), >260 species in different composts from Uppsala in central Sweden (Palm 
1979), and 225 species in seed-composts from Skane in southern Sweden (Baranowski 1978). 
A number of exotic beetle species (34) have been established in compost heaps in the Nordic 
countries during the 20th century. Ødegaard and Tømmerås (2000) hypothesized that the 
successful establishment of exotic species in compost habitats results from the increased 
frequency of introductions and warm, thermal stability in large compost heaps during the 
Nordic winter.  
Woodlice (Isopoda) are saprophages that generally live in moist soil, but some species such as 
Porcellionides pruinosus and P. sexfasciatus live aggregated in compost and manure heaps 
(Achouri et al. 2008). Terrestrial isopods are principaly consumers of organic debris in an 
ecosystem. However, according to Messelink and Bloemhard (2007), extreme populations of 
woodlice may cause serious damage to vegetables. But whereas populations of woodlice 
increased strongly in fresh compost, in mature compost they barely survived. Therefore, 
Messelink and Bloemhard (2007) stressed the importance of a complete compost process in 
order to manage woodlice populations at an acceptable level. 
Centipedes (Chilopoda) and millipedes (Myriapoda) are another group of more accidental 
compost mesofauna. Centipedes are mainly carnivores (Wallwork 1976; Lewis 1981), while 
millipedes (Diplopoda) feed on plant materials and fragments of decaying organic material, 
though both groups are found in similar habitats. In urban areas, their common microhabitat 
is often extended by building stacks of materials like compost and garbage piles (Riedel et al. 
2009). The distribution of Oxidus gracilis (millipedes) is connected with greenhouses and 
gardens with compost heaps in higher altitudes (Bergersen et al. 2006). Identified centipedes 
collected from compost heaps include Geophilus proximus and Haplophilus subterraneus 
(Rosenberg and Seifert 1977; Bergersen et al. 2006).  
Gutiérrez and Mazo (2004) reported springtails (Collembola) from compost processed at the 
Corporación Universitaria Lasallista, Colombia. More specific recordings were done by Fjelberg 
(1998) and Gisin (1960), who found Hypogastrura manubrialis and H. purpurascens in 
compost. Nowadays, springtail reproductions in compost products are often used to develop 
ecotoxicological tests (e.g., Folsomia candida (Crouau et al. 2002)) or to investigate the 
survival of potential biocontrol species after the addition in composts (e.g., Protaphorura 
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armata (Sabatini et al. 2006)).  
There also have been more isolated recordings of other Arthropoda taxa in compost. Gutiérez 
and Vera (2004) found five different families of ants in the compost of the Corporación 
Univeristaria. Lasallista and Buddle (2010) reported compost heaps as typical habitats for 
pseudoscorpions. Goulson et al. (1999) found very large calyptrate fly populations associated 
with composting sites in the United Kingdom, probably caused by the abundance of warm 
decaying organic matter. Flies are, however, not involved in the decomposition process itself 
but use the compost heap as a breeding site.  
Tardigrades or water bears, exhibit a high tolerance to extreme environmental conditions 
such as temperature, making them a likely group to appear in compost. However, published 
recordings of Tardigrada in compost are scarce. Vargha (1995) described Hexapodibius 
reginae from compost and Hatamoto et al. (2008) recorded tardigrades in rice straw 
compost using DGGE analysis. Our own observations indicate the accidental presence of 
tardigrades in compost (observations in the framework o f  this study).  
Finally, recordings of nematodes in isolated compost samples were made by several authors, 
including Andrassy (1983), Anderson (1983), Gagarin (2000), Nadler et al. (2003), and Manso 
(2004). These primarily bacterivorous nematodes were recorded in general biodiversity 
studies, but their function within the compost process was not discussed. All the above 
mesofauna groups can be found in compost, but except nematodes none of them has been 
consistently found in all investigated compost types. Furthermore none of these groups is 
hitherto reported to be found throughout all successive compost stages. Considering the 
population dynamics in relation to the composting process, none of the above taxa have been 
thoroughly investigated.  
1.4.3. Potential of mesofauna as ecological indicator in compost 
Several authors have used microbial communities (bacteria and fungi) to evaluate compost 
maturity. For example, Eiland et al. (2001) analyzed phospholipid fatty acid (PLFA) profiles of 
compost microbial communities but concluded that there was no correlation with compost 
maturity. Conversely, Steger et al. (2003, 2005, and 2007) and Ryckeboer et al. (2003a) found 
typical changes in the microbial community but stressed the need for more studies on different 
composts. An elaborate overview of bacteria and fungi occurring during composting and self-
heating processes is given in Ryckeboer et al. (2003b). However, mesofauna has multiple 
advantages over microbial communities as indicators for the quality and status of compost. 
Firstly, it is very difficult and time-consuming to identify all bacteria, fungi, and protozoa in a 
sample and databases of biochemical profiles are either incomplete or inadequate, especialy 
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for free-living taxa. Secondly, by being one or two steps higher in the food chain, mesofauna 
serve as integrators of physical, chemical, and biological properties related to their food 
resources. Third, their generation time (days to years) is longer than that of metabolicaly active 
microbes (hours to days), making them more stable temporally and not simply fluctuating with 
ephemeral nutrient flushes (Neher 2001). 
A successful indicator must be able to reflect a past ecological process or predict a future 
ecological process (Neher and Darby 2009). Therefore, an indicator should have as many as 
possible of the following characters. For soil condition, the indicator should 1) reflect the 
structure and/or function of ecological processes in the soil no matter what geographical 
location is sampled, 2) respond to changes in soil condition, 3) have available methodologies, 4) 
be comprehensible, and 5) be inexpensive to measure (Neher et al. 2005; Doran and Zeiss 
2000). Obviously, a thorough knowledge of the fauna used as an indicator is necessary; 
however, from the overview, it is clear that the knowledge of compost fauna is only 
fragmentary. Nevertheless, some mesofaunal taxa present in compost, such as Collembola, 
mites, earthworms and nematodes, have already proven their potential as bio-indicators (Table 
1.1). 
Collembola and mites have been widely used to assess the impact of agricultural management 
practices and disturbances. For example, Barbercheck et al. (2009) reported differences in 
richness, evenness, and abundances of mites and proportions of collembolans among 
agricultural sites. Other examples for mites as a bio-indicator include Koehler (1999), Gulvik 
(2007), and Bedano and Ruf (2010) and for Collembola include Fiera (2009), Chagnon et al. 
(2000) and Baretta et al. (2008). Despite their potential as bio-indicators, the evaluation of 
their community assemblages is often limited (ONeill et al. 2010), due to the high proportion 
of undescribed species (Coleman and Whitman 2005) and insufficient information on general 
biology, distribution, and functional roles (Bolger 2001; Greenslade 2007). Geissen and 
Kampichler (2004) also questioned the suitability of collembolan communities as indicators to 
determine the influence of amelioration measures on soil ecosystems in European forests 
because they could not find a relationship after five years of study. This limited literature review 
shows that there is no univocal consensus about the use of mites and Collembola as bio-
indicators in terrestrial ecosystems. Hence, an extrapolation to compost is not evident.  
Conversely, the potential of earthworms as indicators of environmental changes is more 
generally accepted. Their possibilities as bio-indicators are based on community changes 
(Tondoh et al. 2007) or on a quantifiable bioaccumulation of metals in their tissues (Suthar et 
al. 2008). However, earthworms do not occur in every composting stage and process and 
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the accumulation of contaminations is not the main or only focus in assessing the compost 
status.  
Unlike earthworms, Collembola, or mites, nematodes are ubiquitous, even in disturbed or 
polluted areas (Neher et al. 2005). Nematodes live beside the most diverse and abundant soil 
organisms and are the most important secondary consumers within soil mesofauna (Mulder et 
al. 2005). They have been extensively used as indicators of soil biodiversity and functioning 
(Neher 2001; Mulder et al. 2005) and as indicators of environmental disturbances in soil 
(Bongers and Ferris 1999; Ferris et al. 2001; Yeates 2003; Cerevková and Ren o 2009). They 
occupy key positions in the food web because they interact with the species providing their 
food (e.g., bacteria, fungi, etc.) and other organisms using the same food resources. They are 
also involved in predator-prey interactions (e.g., protozoa, fungi, and mites as well as 
nematodes) (Yeates et al. 2009). In these ways, changes in the food web are mirrored in 
shifts among nematode feeding groups (Yeates et al. 2009). Most importantly, nematodes 
show a rapid response, translated into proportions of functional (feeding) groups, to changes 
in the microbial decomposition pathway and the availability of food sources (Yeates et al. 1999; 
Brimecombe et al. 2001; Zelenev et al. 2004; Sánchez-Moreno et al. 2008), due to their 
relatively short generation time (Bongers 1990). In addition, the transparent nature of 
nematodes allows easy observation of the clear relationship between structure and function: 
their feeding behavior (see 1.4.4) is easily deduced from the structure of the mouth cavity 
and pharynx (Bongers and Ferris 1999). Furthermore, the relative abundance and small size of 
nematodes makes sampling relatively easy and cheap. Neher et al. (2005) and Sánchez-Moreno 
et al. (2009) validated the hypotheses that nematode-based soil food web indices are useful 
indicators of other soil organisms such as mites. Hence, nematode faunal assemblages 
theoreticaly have all of the properties needed to enable an optimal in situ assessment of the 














1.4.4 Nematode feeding types 
Assignment of nematodes to feeding groups provides insight into the functional role of 
nematodes in the ecosystem and into the effect of environmental changes on the nematode 
fauna (Yeates et al. 1993). Although it is clear that nematode feeding types are linked to stoma 
morphology, inferred feeding strategies without any empirical evidence can be misleading 
(Yeates et al. 1993). For example similar stoma structures may be used for different f eding 
behaviours. This is the case within the aphelenchid nematodes were Aphelenchoides may be 
classified as hyphal feeders and ecto- or endoparasites of plants, while the related genus Seinura 
is a predator (Moens et al. 2004). In other cases, species are allocated to one feeding type while 
they have developmental stages or generations that fit another feeding type (Neher 2001). In 
addition, the relevance of the (usually non-feeding) free-living stages of animal parasites and of 
the omnivores (which can be easily allocated to feeding types 3 to 6) for trophic studies has 
been questioned (Moens et al. 2004). The trophic classification of nematodes in Yeates et al. 
(1993), which is broadly used and has also been adopted in this study, heavily relies on stoma 
morphology but has been supplemented to a certain extend with experimental evidence. Yeates 
et al. (1993) distinguished 8 main feeding types; (1) plant-feeding, (2) hyphal- or fungal-feeding, 
(3) bacterial-feeding, (4) substrate ingesters, (5) carnivores, (6) unicellular eukaryote feeders, (7) 
dispersal stages of animal parasites, and (8) omnivores. Not all these feeding types are expected 
to occur in compost. For example in the absence of living plant tissue, plant feeding nematodes 
are expected to be absent, which substantially simplifies feeding type allocation of nematodes 
with stylet or spear.  
Table 1.1° 
Overview of the mesofauna groups with potential use as bio-indicator and their characteristics. 
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1.5. AIMS 
The overall aim of this study is to contribute to a better understanding of the compost biology 
during the composting process. Given its potential as bio-indicator for compost, as described 
above, we especially address the nematode community. 
The main objectives of this study are to describe the nematode fauna of a virtually unexplored 
habitat, to provide the first insights in the nematode succession in a rapidly changing compost 
environment, to examine the effect of the compost comprising nematodes on the nematodes 
that are already present in the soil and finally to evaluate the potential of the nematode 
community as an indicator of compost maturity and quality. These main objectives translate into 
the following specific objectives: 
(i) To acquire fundamental knowledge on the nematode diversity in compost based on 
morphological analyses of the nematode community, complemented with sequence data. 
Compare the diversity of compost nematodes with the terrestrial nematofauna in 
Belgium. Assess whether the same nematode taxa can be found in disparate composting 
processes using different feedstock materials (Chapter 3). 
(ii) To obtain an integrated insight into the succession and the trophic structure of the 
nematode community during the composting process and link this to a selection of 
relevant biotic (microbial community) and abiotic factors (time of composting, 
temperature, pH, moisture content and C/N ratio) (Chapters 2, 4 & 6). This is 
complemented with experiments to reveal the feeding behavior of one of the dominant 
nematodes found in most of our composting trials (Chapter 3). 
(iii) To assess the survival and colonization capacity of nematodes in compost, by analyzing 
temperature tolerance and evaluating the importance of insect phoresy3 for nematode 
arrival at the composting process (Chapter 5). 
(iv) To test the bio-control potential of compost with its associated nematodes by assessing 
the (short term) development of a soil nematode community after application of mature 
compost  comprising nematodes  to this soil. Does the species composition of the 
compost affect the nematode community in the soil? For instance, will the number of 
plant-parasitic nematodes in the soil decrease and the number of predators and fungal- 
feeding nematodes increase? (Chapter 7). 
                                                          
3
 Insect phoresy or vectoring is a form of commensalism; a relationship where nematodes use mostly 
Arthropoda for dispersal or shelter but have no direct trophic relationship with them (Timper and Davies 
2004; Dillman et al. 2012). 
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1.6. OUTLINE OF THIS STUDY 
This thesis is divided into 8 chapters. 
Chapter 1 is a general introduction, illustrating the context in which this study is situated and 
explaining the main aims of this work and their logical flow. 
Chapters 2-7 contain the effective results, each with their respective specific introduction, 
material and methods, results and discussion. These chapters have been drafted according to 
requirements for manuscripts in SCI-indexed journals. 
- Chapter 2, Pilot study on the nematode community during composting, presents 
the first detailed data on nematodes during composting. 
- Chapter 3, The nematode fauna in compost, includes the species description of 
Mononchoides composticola n. sp. isolated from compost, and contains an updated 
checklist of free-living and plant-parasitic nematodes in Belgium. 
- Chapter 4, The nematode community as a proxy of the microbial community in a 
rapidly changing compost environment, describes the temporal succession of both 
the microbial and the nematode community and their link during a composting 
process. 
- Chapter 5, Survival and colonization of nematodes in a compost process, presents 
the results of experiments on temperature tolerance and on different colonization 
routes of compost by nematodes, including vectoring by insects.  
- Chapter 6, Factors influencing the nematode community during composting, 
describes the relation of the nematode community dynamics with potentially 
important variables, i.e. temperature, time of composting and the microbial 
community. 
- Chapter 7, Nematode communities and macronutrients in composts and compost-
amended soils as affected by feedstock composition, presents the short term effect 
of compost and its associated nematodes on the soil chemical properties and the 
existing nematode community. 
 
Chapter 8 contains the general discussion, which integrates the principal findings of Chapters 2-
7. 
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One of the key issues in compost research is to assess when the compost has reached a mature 
stage. The maturity status of the compost determines the quality of the final soil amendment 
product. The nematode community occurring in a Controlled Microbial Composting (CMC) 
process was analyzed with the objective of assessing whether the species composition could be 
used as a bio-indicator of the compost maturity status. The results obtained here describe the 
major shifts in species composition that occur during the composting process. Compared to 
terrestrial ecosystems, nematode succession n compost differs mainly in the absence of K-
strategists and numerical importance of diplogastrids. At the beginning of the composting 
process (thermophilic phase), immediately after the heat peak, the nematode population is 
primarily built by bacterial feeding enrichment opportunists (cp-1) (Rhabditidae, 
Panagrolaimidae, Diplogastridae) followed by the bacterial-feeding general opportunists (cp-2) 
(Cephalobidae) and the fungal-feeding general opportunists (Aphelenchoididae). Thereafter, 
during the cooling and maturation stage, the bacterial-feeding/predator opportunistic 
nematodes (Mononchoides sp.) became dominant. Finally, at the most mature stage, the fungal-
feeding Anguinidae (mainly Ditylenchus filimus) were most present. Both, the Maturity Index 
(MI) and the fungivorous/bacterivorous ratio (f/b ratio), increase as the compost becomes more 
mature (ranging, respectively, from 1 to 1.86 and from 0 to 11.90). Based on these results, both 
indices are suggested as potential suitable tools to assess compost aturity.  
2.2. INTRODUCTION 
Composting is an aerobic, heat-producing and controlled process by which microorganisms 
convert a mixed organic substrate into carbon dioxide (CO2), water, inorganic nutrients and 
stabilized organic matter. Control of the environmental conditions (moisture, temperature, 
substrate composition and oxygenation) during the process distinguishes composting from 
natural rotting or decomposition (Zucconi and de Bertoldi 1987; Baldwin and Greenfield 2006). 
The application of compost to soil has several benefits. The stabilized organic matter in compost 
improves soil structure. Consequently, soil aeration, soil porosity, water holding capacity and 
drainage increase (Kuo et al. 2004; Cogger 2005; Baldwin and Greenfield 2006). Furthermore, 
compost can provide an important source of nutrients for plants (for reviews see Cogger 2005; 
Zvomuya et al. 2008), especially the compost nitrogen that becomes available for plants after 
mineralization in the soil (Hadas and Portnoy 1997). In addition, cmposts are known to 
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suppress plant diseases through a combination of physiochemical and biological mechanisms 
(Akhtar and Malik 2000; Gamliel et al. 2000; Reuveni et al. 2002; Bailey and Lazarovits 2003; 
Vallad et al. 2003; Kuo et al. 2004). 
Controlled Mi
grade and well-humified compost. The CMC method was developed through on-farm and 
laboratory research by the Leubke family (Diver 2004). The composting is carried out in 
windrows and during the process abiotic parameters such as CO2 and temperature are 
intensively monitored. A microbial starter is usually added to inoculate the compost (Diver 
2004). This method ensures process control by appropriate aerating through turning, prevention 
of nutrient leaching and/or reduction of gaseous emissions and heat losses through covering the 
heap (Rees 2007). 
During composting, organic materials are disintegrated by processes associated with several 
organisms. The taxa that are most important to the composting process are Bacteria, Algae, 
Fungi, Isopoda, Acari, Nematoda and Protozoa. This wide spectrum of organisms forms a 
complex and rapidly changing community. Up to the present, only the dynamics of the bacterial 
community have been thoroughly investigated in relation to composting processes (e.g. 
Herrmann and Shann 1997; Ishii et al. 2000; Alfreider et al. 2002; Tiquia et al. 2002; Ryckeboer et 
al. 2003; Tiquia 2005; Fracchia et al. 2006; Halet et al. 2006). Research concerning the role of 
nematodes in decomposition processes tends to focus on specific natural processes in the soil 
(Ingham et al. 1985; Ruess 2003; Ruess and Ferris 2004; Wang et al. 2004; Georgieva et al. 2005; 
Postma-Blaauw et al. 2005) or on laboratory microcosm experiments with bacterial-feeding 
nematodes and their inuence on the decomposition rate of organic material of marine 
environments (De Mesel et al. 2003, 2004, 2006). Although nematodes appear to be numerically 
important in the composting process, and their diversity and density in mature compost are 
considered crucial to constructing a robust soil food web (Ingham 2001, 2006; Ingham and 
Slaughter 2004), knowledge of the diversity and succession of the nematode community during 
the composting process is completely lacking. Moreover, nematodes show several 
characteristics which make them ideal bio-indicators of the ecosystem quality. Nematode 
community analyses are very useful in assessing ecosystem status and functions since 
nematodes are ubiquitous and easy to sample (Bongers and Ferris 1999; Ritz and Trudgill 1999; 
Yeates and Bongers 1999; Neher 2001; Yeates 2003). Furthermore, the species composition of 
the samples reects a wide range of abiotic parameters such as substrate texture, climate, 
biogeography, organic inputs and both natural and anthropogenic disturbances (Yeates 1984; 
Neher 2001; Yeates 2003). The use of nematodes as functional indicators relies on the allocation 
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of nematodes to feeding groups (Yeates et al. 1993) and reproductive strategies (cp values) 
(Bongers 1990; Yeates 2003). Nematode genera with the same cp value are adapted to specific 
environmental conditions and food sources through anatomical and physiological commonalities 
(Ferris et al. 2001) and are similar in their responses to disturbance (Bongers 1999; Bongers and 
Ferris 1999). 
One of the key issues in compost research is to assess when the compost has reached a mature 
stage. The maturity status of the compost determines ultimately the quality of the product. So 
far numerous tests, based on both physical and chemical parameters, have been proposed (e.g. 
Butler et al. 2001; Tiquia 2005; Chikae et al. 2006; Castaldi et al. 2008) but unfortunately, many 
of these have not been proven rigorous, reliable or consistent enough to be used in standard 
protocols, and those that are would require such a substantial investment in laboratory 
equipment and staff training that their use in regular composting laboratories is not feasible 
(Kuo et al. 2004; Baldwin and Greenfield 2006). 
Since information on nematode populations in compost is virtually lacking, the first objective of 
this study was to analyze the structure and succession of the nematode community during a 
composting process. Secondly, we explored the possibilities of relating the observed structure of 
the nematode community structure to compost maturity. 
2.3. MATERIALS AND METHODS 
2.3.1. Study site and sampling 
The examined compost heap was located at the Institute for Agricultural and Fisheries Research 
in Merelbeke, Belgium (Plant Science Unit, Growth and Development research area). The heap 
was composed of three different feedstock materials: 43% on a volume to volume base (%, v/v) 
fine wood chips, 43% (v/v) dry hay and 14% (v/v) fresh grass. The C/N ratios of de the feedstock 
materials were respectively approximately 90/1, 30/1 and 15/1. The heap was 50 m long, 3 m 
wide and 1.5 m high, and consisted of 3 m3 feedstock materials per lineal meter. The compost 
was prepared according to the CMC method (Diver 2004), but no microbial starter was added.
A total of 45 composite samples on 15 different sampling moments were taken during the entire 
composting process. The entire monitored process lasted six months, from September 2006 to 
March 2007. During the first three weeks of the process, samples were taken twice a week (6 
samples), after which sampling was reduced to once a week for seven weeks (7 samples). At the 
end of the process the heap was sampled once after one month and again after two months. By 
following this sampling pattern the complete process was observed and the changes in species 
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composition throughout could be investigated. Each sample was composed of 20 randomly 
picked samples of 50 ml of compost each. The samples were mixed to make a total volume of 1 
L, from which a subsample of 100 ml was taken for nematode extraction. This sampling 
procedure was repeated 3 times per sampling event. Hence, replicate samples were taken from 
a single compost heap and are thus essentially pseudoreplicates. 
2.3.2. Data collection: environmental variables  
The following abiotic variables were measured at every sampling: temperature (°C), moisture 
content, pH and percent carbon dioxide (CO2). Temperature and CO2 content were measured in 
3 locations on the heap using specialized equipment (respectively, Digital Thermometer GTH 
1150 and Brigon Messtechnik D-63110 Rodgau). For the pH measurements, extractions of 20 g 
compost in 100 ml distilled water were made. The extractions were shaken by hand 3 times 
every 2 h and pH was measured with standard electrodes (Consort P400). The moisture content 
was determined by weighing 50 ml of compost before and after incubation for 48 h at 102 °C.  
2.3.3. Nematode community analyses 
The existing nematodes in the subsample (100 ml) were extracted from the compost using a 
modified Baermann funnel method (tray 49 cm x 37.5 cm, basket 38.5 cm x 19.5 cm) (Hooper 
1986). Nematodes were counted and 100 individuals were randomly picked out using a 
stereomicroscope (Leica MZ95). For light microscopical observations, half of the specimens wer  
collected in a very small drop of water in an embryo dish. Formaldehyde (4% with 1% glycerol) 
was heated to 70 °C and an excess (4-5 ml) was quickly added to the specimens to fix and kill the 
nematodes (Seinhorst 1966). The fixed nematodes were processed to anhydrous glycerol 
following the glycerol-ethanol method (Seinhorst 1959, as modified by De Grisse 1969) and 
mounted on aluminium slides with double cover slips (Cobb 1917). As a supplement to this 
standard evaluation method, the remaining nematodes were mounted on mass slides (slide 40 
mm x 76 mm; cover glass 34 mm x 60 mm). Measurements were prepared manually with a 
camera lucida on an Olympus BX 51 DIC microscope (Olympus Optical, Tokyo, Japan), which was 
equipped with an Olympus C5060WZ camera for photographs. Nematodes were identified to 
genus and species whenever possible. The abundance (individuals/gram dry weight compost) of 
each genus or species in each sample was determined. Dauer larvae were not included in the 
total counts and species analysis because accurate identification is often impossible and there 
immobility hampers a quantitative estimation using a mobility-based nematode extraction. In 
order to test whether dauer stages or eggs were able to survive the heat peak, additional 
samples from day 3, 6 and 9 were incubated on agar plates (1% nutrient agar plates containing 
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2.7 g bacteriological agar, 1.3 g nutrient agar and 80 ml cholesterol (5 mg ml -1) in 400 ml 
medium and 1% bacteriological agar plates containing cholesterol (80 ml 5 mg ml -1 in 400 ml 
medium)). These plate incubations could facilitate reactivation of survival stages possibly 
present in the samples taken during the heat peak. The resulting data were also not further 
incorporated in the analysis since incubation experiments impede quantitative analysis and 
results were not available for all replicates. 
Nematode genera were assigned to the 1- -
and K life-strategy characteristics (Bongers 1990, 1999) and were classified according to their 
feeding type. These allocations were, respectively, used to calculate the Maturity Index (MI) 
(Bongers 1990, 1999) and the Trophic diversity Index (TI) (Heip et al. 1985). Additionally, the 
Structure Index (SI), Enrichment Index (EI) (Ferris t al. 2001) and the fungivorous/bacterivorous 
ratio (f/b ratio), also providing an indication of the ecosystem condition, were determined. The 
calculation of the SI and EI is based on guilds, which combine feeding type and cp value to 
cluster nematode taxa. The EI is based on the expected reaction of non-herbivore, opportunistic 
nematodes to the increase in food and gives the abundance and activity of primary detritus-
feeding nematodes. The SI indicates the sensitivity to disturbances. The EI and SI c be used to 
construct a faunal profile, which indicates whether the nematode community is basal, enriched 
or structured (Ferris et al. 2001). The f/b ratio was used as an indicator of the dominant 
decomposition pathway (Ferris et al. 2001; Ruess 2003; Ruess and Ferris 2004). The Shannon-
) were calculated to measure 
diversity. The Shannon-Wiener index is more appropriate for rare taxa (Heip et al. 1998) while 
the Simpson index gives more weight to the predominant taxa (Neher 2001). 
2.3.4. Statistical analyses 
First, a correlation matrix was performed to unravel possible colinearity among abiotic variables. 
Subsequently, in order to reduce the redundancy between the different abiotic factors 
measured during the composting process, a Principal Component Analysis (PCA) was performed, 
by which the different abiotic variables were related to each other in a single principal 
component. Due to strong linear dependency in the data set, differences in the MI and f/b ratio 
during the composting process were addressed by categorizing the data into the different 
composting phases (thermophilic, cooling and maturing) and performing pair-wise Mann-
Whitney tests using composting phase as a factor. All analyses were conducted with the 
statistical software Statistica 7.0.  
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2.4. RESULTS 
2.4.1. Environmental variables 
The abiotic conditions of the compost heap changed dramatically during the composting process 
(Figure 2.1). The temperature showed two distinct heat peaks; one on day 3 with an average 
temperature of 71 °C and another on day 15 with an average temperature of 65 °C. After the 
second peak, the temperature gradually decreased until it reached approximately 10 °C (Figure 
2.1A). Although the moisture content and the pH of the compost heap uctuated during the first 
25 days of the process, both parameters stabilized after reaching their maxima (38% and 8.67%, 
respectively) (Figure 2.1B and C). The CO2 concentration (Figure 2.1D) also showed two maxima 
during the first 29 days (15% on day 18, and 18% on day 6) and decreased afterwards in two 
stages (from 4.5% to 0%). Correlation analysis revealed that temperature was positively 
correlated with CO2 concentration, moisture content and ambient temperature (Table 2.1). 
Ambient temperature also correlated positively with CO2 concentration and negatively with both 
moisture content and pH. The PCA performed using heap temperature, pH, CO2 and humidity 
reduced the variation to only one principal component which accounted for 67% of the variation 
within the data matrix and to which heap temperature and humidity contributed the most (see 




Environmental variables measured during the composting process including (a) temperature of the 
compost (°C) and the ambient temperature (°C), (b) moisture content (%), (c) pH values and (d) CO2 
















Temperature 1     -0.91 
CO2 0.83
***
 1    -0.76 
Moisture content -0.67
**
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2.4.2. Nematode community analyses  
Species composition and number of nematodes  
In total 18 genera belonging to 12 families were identified from the 15 sampling occasions 
during the complete process. The individual samples were generally characterized by relatively 
few taxa (maximum 9 different species). The most common taxa were Aphelenchoides sp., 
Diploscapter coronatus, Mononchoides sp., Cephalobus sp. and Panagrolaimus labiatus. Other 
taxa, e.g. Diplogastrellus sp., Diplogaster sp., Halicephalobus gingivalis and Ditylenchus filimus, 
were rare and were detected only at very specific periods during the process. Table 2.2 provides 
an overview of the species detected at every sampling occasion. For more detailed information 
about the species observed during the composting process, see 
http://www.nematology.ugent.be/vce.html. Also survival stages could be isolated with the 
modified Baermann funnel method (Table 2.2). The number of nematodes gradually increased 
with decrease in temperature (Figure 2.2A). Immediately after the heat peak, on day 3 until day 
9, nematodes could not be detected using the Baermann funnel method. However, incubation of 
these compost samples on agar plates provided cultures of H. gingivalis and D. coronatus (Table 
2.2). Most likely these were reactivated dauer stages or temperature resistant eggs. Thereafter, 
the number of nematodes increased gradually until the final sampling event. The highest 
numbers of nematodes were found in the first and in the last samples (respectively, 1234 and 








Pearson correlation coefficients and product moment correlation coefficients among continuous 
environmental variables (Temperature, CO2, Moisture, pH, ambient temperature) measured during the 
composting process and the vector loadings of the Principal Component Analysis (PCA). 








Functional groups: feeding type and cp value  
The composition of nematode feeding types showed a clear dominance of bacterial feeders (16 
species or 55% of the total abundance), followed by the subdominant fungal-feeders (5 species 
or 33.3% of the total abundance) and the bacterial-feeding and predatory (of nematodes) 
nematodes (2 species or 11.7% of the total abundance) (Table 2.3). Figure 2.2B displays the 
feeding-type compositions per sample based on the 3 replicas. Bacterial-f eding nematodes 
were present in all nematode-containing samples, but most samples included fungal-feeders and 
bacterial-feeding/predator nematodes as well as bacterial-feeders (days 36, 43, 50, 57, 64, 84 
and 175). For the first 50 days of the process, bacterial-feeding nematodes were clearly 
dominant. From day 22 onwards, the fungal-feeding nematodes were also detected in the 
Table 2.2 
Nematode species list with presence of the species during the composting process and information on the 
dauer larvae found during the process. The feeding type of each species is also provided (3=bacterial-
feeding, 2=fungal-feeding, 3-5a=bacterial-feeding/predator, 8=omnivorous). All species were isolated 
using the modified Baermann funnel method except for the species with an asterisk, which were isolated 
after incubation of compost on agar plates.  
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samples. The density of the bacterial-feeding/predator nematodes increased gradually from day 
29 onwards, and this type dominated the samples of days 64 and 84. In the most mature sample 
the fungal-feeders were clearly dominant.  
The distribution of the nematode genera from the composting process along the cp scale was 
uneven. The enrichment opportunists (cp-1 value) were dominant (16 species or 66.7% of the 
total abundance) while the general opportunists (cp-2 value) were subdominant (7 species or 
33.3% of the total abundance). One genus with a cp-4 value was present on day 64 but genera 
with a cp-3 value were completely absent (Table 2.3). The most mature stage (day 175) was 
dominated by cp-2 genera, unlike the other samples, wherein the genera with a cp-1 value were 







(a) The number of nematodes and the temperature of the compost during the process. (b) The percent 
contribution of each feeding type (fungal-feeding, bacterial-feeding, bacterial-feeding/predator, 
omnivorous nematodes) and the temperature of the compost at every sampling occasion. 
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Indices and integration of the abiotic data  
At the beginning of the process and immediately after the heat peak, the TI, based on the 
defined feeding types, was relatively high, due to the dominance of a single feeding type (i.e. 
bacterial-feeding) (Table 2.3). The lowest TI values, due to the more equal distribution of the 
feeding types in the samples, appear from day 29 onwards, in the first half of the composting 
process when the temperature is still relatively high (40-50 °C). At the most mature stage, when 
the temperature of the heap most closely approximated the ambient temperature, the TI 
increased again as a result of the dominance of one feeding group (i.e. fungal- eeding). The f/b 
ratio showed a distinct change during the process (Table 2.3). The f/b ratio uctuated between 0 
and 2.68 with a maximal peak (11.90 ± 8.15) on day 175, in line with the enhancement of fungal-
feeding nematodes (Table 2.3). The cp values of the genera were used to calculate the MI (Table 
2.3). For the first 84 days of the process, the MI varied between 0.68 and 1.58 (Table 2.3). The 
pair-wise Mann-Whitney test revealed differences in the MI and f/b ratios between the different 
phases of the composting process (thermophilic phase: days 3-29, cooling phase: days 36-64, 
maturing phase: days 84-175) (Table 2.4). The mean MI and f/b ratio during the three 
composting phases are given in Table 2.4. The MI and the f/b ratio both showed a significant 
difference between the maturing and the two previous phases (p values, respectively, 0.001 and 
0.05) (Table 2.4). Mark that especially the f/b ratio and maturity index trend are strongly 
in uenced by the results of one single divergent sampling point (day 175). This limitation 
necessitates caution in the further interpretation of the statistical results. The diversity was 
highest on days 36 and 57, and slightly lower at the end of the process (Table 2.3). However, the 
observed uctuations in diversity were not statistically significant. Neither the EI nor the SI 
showed a clear trend during the process, nor could they be linked to nematode succession. This 
could be attributed to the fact that these indices are designed for more complex, larger scale 
and longer lasting processes. 
In summary, the taxonomic analysis of the nematode community revealed three clear 
successional phases after the heat peak. At the beginning of the process, just after the 
temperature peak observed on day 3, the nematode population was made up primarily of 
bacterial-feeding enrichment opportunists (cp-1) (Rhabditidae, Panagrolaimidae, Diplogastridae) 
followed by the bacterial-feeding general opportunists (cp-2) (Cephalobidae) and the fungal-
feeding general opportunists (Aphelenchoididae). Thereafter, the opportunistic bacterial-
feeding/predator nematodes (Mononchoides sp.) became the dominant species. Finally, at the 







  Composting phase 
Index Thermophilic Cooling Maturing P 
MI 0.81±0.59* 1.24±0.12* 1.34±0.34 0.001 
f/b 0.30±0.56 1.50±1.72 3.58±6.13* 0.05 
 
Table 2.4 






  DAY 
  0 3 6 9 12 15 22 29 36 43 50 57 64 84 175 
Adundance 1234 ±217.65 0 0 0 0 53 ±37.64 8 ±1.04 6 ±2.35 13 ±7.44 25 ±13.25 49 ±13.43 64 ±9.68 68 ±18.77 151 ±35.09 933 ±106.78 
# Genera 4 ±1 0 0 0 0 3 ±1 3 ±1 3 ±2 3 ±1 3 ±1 6 ±1 6±1 7 ±2 5 ±1 5 ±1 
Functional groups %  
Trophic groups %                              
type 2 1 ± 0.8 0 0 0 0 0 43 ±20.1 18 ±21.7 32 ±14.3 18 ±17.0 23 ±7.5 35 ±19.1 15 ±9.4 3 ±1.5 86 ±7.1 
type 3 97 ± 1.7 0 0 0 0 100 ±0.0 57 ±20.1 48 ±38.2 42 ±30.3 50 ±53.0 45 ±12.2 28 ±3.4 18 ±8.6 8 ±2.5 10 ±5.2 
type 3-5a 2 ±2.3 0 0 0 0 0 0 34 ±26.0 26 ±34.7 33 ±37.8 32 ±19.6 38 ±17.3 66 ±2.5 89 ±3.9 5 ±1.9 
type 8 0 0 0 0 0 0 0 0 0 0 0 0 1 ±0.9 0 0 
Cp-groups %                              
cp-1 99 ±0.8 0 0 0 0 100 ±0.0 57 ±20.1 82 ±21.7 68 ±14.3 82 ±17.0 77 ±7.5 65 ±19.1 84 ±9.8 97 ±1.5 14 ±7.1 
cp-2 1 ±0.8 0 0 0 0 0 43 ±20.1 18 ±21.7 32 ±14.3 18 ±17.0 23 ±7.5 35 ±19.1 15 ±9.4 3 ±1.5 86 ±7.1 
cp-4 0 0 0 0 0 0 0 0 0 0 0 0 1 ±1.0 0 0 
Indices 
TI 0.94 ± 0.03 0 0 0 0 1.00 ±0.00 0.76 ±0.21 0.61 ±0.34 0.48 ±0.06 0.64 ±0.24 0.40 ±0.07 0.39 ±0.03 0.50 ±0.04 0.80 ±0.06 0.75 ±0.11  
f/b  0.00 ± 0.01 0 0 0 0 0 0.83 ±0.63 0.50 ±0.87 1.33 ±1.45 2.68 ±2.50 0.52 ±0.04 1.24 ±0.83 0.92 ±0.74 0.28 ±0.12 11.90 ±8.15 
MI 1.00 ± 0.01 0 0 0 0 1.00 ±0.00 1.41 ±0.20 1.13 ±0.22 1.29 ±0.14 1.21 ±0.17 1.24 ±0.08 1.33 ±0.19 1.15 ±0.11 1.03 ±0.01 1.86 ±0.07 
EI 100.00 ±0.19 0 0 0 0 100.00 ±0.00 84.94 ±9.58 96.00 ±6.93 91.27 ±4.79 93.45 ±5.56 93.14 ±2.52 98.41 ±7.36 96.18 ±2.86 99.37 ±0.35 62.25 ± 5.39 
SI 0 0 0 0 0 0 0 0 0 0 0 0 8.45 ±14.63 0 0 
H' 1.21  ±0.34 0 0 0 0 0.85  ±0.19 1.12  ±0.21 0.84 ±0.76 1.05 ±0.19 0.69 ±0.45 1.32 ±0.25 1.38 ±0.10 1.15 ±0.17 0.48 ±0.13 0.57 ±0.22 
 0.37 ±0.16 0 0 0 0 0.47 ±0.06 0.36 ±0.09 0.55 ±0.40 0.40 ±0.09 0.63 ±0.26 0.33 ±0.08 0.31 ±0.04 0.47 ±0.04 0.79 ±0.07 0.75 ±0.11 
 
Table 2.3 
Overview of the means ±SD of the abundance of nematodes (per 100 g DW compost), number of genera, percent contribution to the fu ctional groups (trophic groups: type 2 
(fungal-feeding nematodes), type 3 (bacterial-feeding nematodes), type 3-5a (bacterial-feeding/predator nematodes), type 8 (omnivorous nematodes) and cp-groups: cp-1 





The nematode community in compost has hitherto never been thoroughly investigated. The 
results obtained in this study describe major shifts in species composition during the composting 
process, and moreover, link these structural community changes with the shifts in abiotic 
conditions that take place during the process. 
Several authors have already proposed the use of nematode assemblages as powerful tools to 
analyze ecosystem processes and quality (e.g. Bongers and Ferris 1999; Ritz and Trudgill 1999; 
Ferris et al. 2001; Neher 2001; Ferris and Bongers 2009; Yeates et al. 2009). The calculation of 
nematode-based indices is based on the allocation to functional groups and basic insights into 
the successional changes within a given studied system. A composting process is most likely an 
outstanding example of an ecosystem in transition that can be evaluated by the succession of 
nematodes. 
In our case, the maturity index and the f/b ratio showed a clear pattern during the process and 
therefore seem to be suitable indices to evaluate the composting process. The MI and the f/b 
ratio both increase as the compost becomes more mature. According to Bongers (1999), a 
rapidly changing environment with an abundance of food is typically inhabited by opportunistic 
nematodes, starting with enrichment opportunists (cp-1), which are gradually replaced by 
general opportunists (cp-2). This trophic situation results in relatively low MI values at the
beginning of the process and, by contrast, significantly higher MI values at the end of the 
process. The f/b ratio clearly reflects the shift in prevalence of bacterial-feeding nematodes in 
the thermophilic and cooling phases, to fungal-feeding nematodes in the maturation phase. This 
ratio can also be used to indicate the dominating decomposing pathway in a decomposing 
environment (Bongers and Bongers 1998; Ruess 2003; Ruess and Ferris 2004). From our analysis 
we could see that the first 84 days of the process, during which the f/b ratio is typically relatively 
low, decomposition occurred mainly through the bacterial-dominating pathway. However, in the 
final stage of the process (day 175), when the ratio is typically highest, the decomposition mainly 
occurred through the fungi-dominated pathway. This pattern may be an indication of a 
retardation of the decomposition rate due to the fungal-associated decomposition of more 
complex organic materials (Ruess and Ferris 2004). 
A more detailed analysis of the successional changes of the nematode community revealed that 
the composting process actually undergoes a meticulous succession of r-strategists. According to 
Wharton (1986), habitats subject to environmental extremes do not favor K-strategists. This is 
most likely the main reason for their absence during the composting process. The first 
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nematodes capable of colonizing the compost during the last phase of the heat peak (= 
thermophilic phase, T 45 °C) belonged to the genera Diplogasteritus, Panagrolaimus and 
Rhabditis. This first population (on day 15) of early colonizers in a nutrient-rich environment was 
100% bacterial-feeding and enrichment opportunistic nematodes, as proposed by Bongers 
(1990) and confirmed by many others (e.g. Ettema and Bongers 1993; Bardgett et al. 1998; 
Wasilewska 1998). At the very beginning of the cooling phase, from days 22-29, this first 
population was subverted by a population dominated by the genera Cephalobus and 
Aphelenchoides, both general opportunists (cp-2) and respectively bacterial and fungal-feeding. 
The replacement of the enrichment opportunists belonging to the Rhabditidae family (cp-1) by 
general opportunists from the family Cephalobidae (cp-2) and the ocurrence of fungal-feeding 
nematodes has also been observed by Ferris and Matute (2003), Wang et al. (2004) and 
Georgieva et al. (2005) during the decomposition of several plant residues in soil. During the 
cooling phase (45 °C- ambient temperatures), occurring from day 36 onwards, the dominance of 
the former nematodes started to decrease and other species started to inhabit the compost: e.g. 
D. coronatus, Rhabditis (Cephaloboides) sp. and Mononchoides sp. Since bacterial-feeding fauna 
mirrors previous bacterial production (Georgieva et al. 2005; Ferris and Bongers 2006), this shift 
in nematode species composition and increase in the number of nematodes can be linked to 
increase in bacterial activity in the cooling phase and to the presence of completely diff rent 
bacterial populations in the thermophilic and cooling phases as described by Ishii et al. (2000), 
Ryckeboer et al. (2003) and Halet et al. (2006). The cooling phase environment (45 °C), with 
bacteria, fungi and various nematode species in abundance, gave Mononchoides sp. the 
opportunity to start blooming. This differs from decomposition in soil where Neodiplogasteridae 
(including Mononchoides) dominate from the beginning (Georgieva et al. 2005). This retardation 
might possibly be explained by the relatively high and lethal temperatures in the beginning of 
the cooling phase (± 40 °C). During maturation at the end of the process, from days 84-175, a 
shift in prevalence of bacterivor us to fungivorous nematodes took place, which can be 
associated with the transition from mainly bacterial activity during the thermophilic and early 
cooling stages to an increase in activity of fungi in late cooling and maturation stages (Ryckeboer 
et al. 2003). Moreover, it is known that fungal energy channels predominate when the organic 
material is of a high C/N ratio and, conversely, bacterial decomposition channels predominate 
when the organic material is of a low C/N ratio (Ruess 2003; Ruess and Ferris 2004) (cfr. high C/N 
ratios of feedstock materials). In a study by Ferris and Matute (2003), the rate of succession 
from bacterivorous to fungivorous nematodes increased in plots receiving high C/N materials 
(Ferris and Matute 2003). Most likely, when looking at the whole process, during the 
PILOT STUDY 
52 
thermophilic phase the extreme environmental circumstances (i.e. temperature) are the limiting 
factors for nematode succession, whereas during the mesophilic and maturation phases, food 
resources might be the most important selective force for successional events. 
According to the scanty literature, remarkably similar taxa to those observed in this study have 
been described from compost (Gagarin 2000; http://www.soilfoodweb.com). The majority of 
species described from other compost heaps also belonged to the rhabditids and the 
diplogasterids and nearly always the same genera (i.e. C phalobus, Rhabditis, Diploscapter, 
Aphelenchoides and Ditylenchus)(Gagarin 2000; http://www. soilfoodw eb.com). More specific 
similarities with other observations from compost include P. labiatus (China; Andrassy 1984), D.
filimus (West Canada; Anderson 1983), H. gingivalis (USA, Riverside; Nadler et al. 2003) and 
Rhabditis (Poikilolaimus) sp. (mushroom compost, Russia; Gagarin 2000). Remarkably, 
notwithstanding the nematode destructive heat peak, the geographic disparity and different 
feedstock materials, the same genera and even the same species were found in these studies, 
? The composting process 
the nematodes also become established. As a result it makes little difference whether the 
nt of air, water and tillage machinery or from 
awakened dauer stages or eggs, the surrounding soil or by insect phoresy, because the typical 
compost environment will ultimately serve as the fundamental selective force regardless of 
origin (for overview on nematode dispersal see Hodda et al. 2009). Hence, the nematode indices 
proposed herein for assessing compost maturity might be of universal relevance, although 
further research is required to clarify the ways in which nematodes can arrive at a compost 
heap. 
Unlike Manso (2004), who only found bacterial-feeding Rhabditidae in mature compost, 
diplogasterids appeared to be numerically important (4 different genera were found). In 
particular, Mononchoides sp. was numerically important from days 29-84. According to Yeates et 
al. (1993), 2 of the recorded diplogasterid genera (Diplogastrellus and Diplogasteritus) are 
strictly bacterial-feeding nematodes (feeding type 3). The 2 other genera (Mononchoides and 
Diplogaster) could belong to the bacterial-feeding nematodes as well as to the predator 
nematodes (feeding type 5a) and to the omnivorous nematodes (feeding type 8) (Yeates et al. 
1993). Because species within the same feeding group may vary in their food resources and 
some species can feed on several food resources, the allocation of nematodes to a specific 
feeding type is often uncertain (Yeates et al. 1993; Yeates 2003). The herein numerically very 
important Mononchoides sp. appeared to have a biphasic feeding ability (as described earlier by 
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Yeates 1969, 1970), namely on bacteria and other nematode species (Chapter 3, part 2). The 
neodiplogasterids Mononchoides sp. and the diplogasterid Diplogaster sp. were therefore 
- -5a) (see 
also Georgieva et al. 2005). However, most terrestrial nematode indices (e.g. EI, CI and TI) do not 
incorporate this new feeding type and thus are not usable for compost. Diplogasterids are 
known to be prey-selective to plant-parasitic nematodes (Khan and Kim 2007), and therefore, 
are very promising biological control agents (Bilgrami and Jairajpuri 1988; Bilgrami et al. 2005 ; 
Bilgrami 2008). This study shows that a composting process can provide a great range of 
potential predator nematodes. This is particularly an important factor in the suppressive 
capacity of compost against plant diseases.  
In conclusion, this study produced some promising results. The successional changes of the 
nematode community during the process demonstrated opportunities to describe and evaluate 
the condition of the composting process. Although further research needs to be performed in 
order to strengthen these findings, the nematode-based indices maturity index and 
fungivorous/bacterivorous ratio are probably the most suitable tools to assess compost 
maturity. Thus, the next step should be to analyze different composting processes and more 
time frames in order to correlate particular maturity index and fungivorous/bacterivorous 
ranges to the state and maturity of the compost process. Finally, further work is required to 
asses the effectiveness and importance of the remarkably high number of bacterial-
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PART 1: NON-MARINE NEMATODES IN BELGIUM: AN UPDATED LIST WITH SPECIAL 
EMPHASIS ON COMPOST NEMATODES. 
3.1 Abstract 
A study of the semi-artificial and controlled composting process in Eastern Flanders revealed 35 
different taxa of which 21 were new records Belgium. An updated checklist of terrestrial, fresh-
and brackish water nematodes in Belgium is presented. The Belgian non-marine nematofauna 
comprises 414 taxa, representing 4 subclasses, 14 orders, and 76 families. In total 124 new taxa 
were added: i.e. 21 from the newly explored compost habitat, 7 from freshwater samples and 96 
from published data in literature.  
3.2. Introduction 
The Belgian nematofauna has been relatively well studied. Coomans (1989) reviewed the 
nematofauna from Belgium, with exclusion of the animal parasitic nematodes. However, this list 
modern standards, an inaccessible national publication. More recently, Bert et al. (2003) 
published an updated list of the Tylenchomorpha from Belgium, with the addition of 42 species, 
based on new data together with data from Bert and Geraert (2000) and Coosemans (2002). 
However, for the free-living Belgian nematofauna the list of Coomans (1989) was never updated 
or revised to reflect recent taxonomical changes. Next to the newly explored compost habitat, as 
presented in this PhD, and new data from freshwater samples, a literature review on both free-
living (terrestrial, freshwater, brackish water and brackish soil) and plant- rasitic nematodes 
has given a better insight into the diversity of the Belgian nematofauna. This resulted in a list of 
414 taxa, 124 taxa of which are new compared to the list of Coomans (1989) combined with Bert 
et al. (2003). 21 records from compost are new to the Belgian fauna. 
3.3. Materials & Methods 
The species list is mainly compiled based on compost samples, on a limited number of 
freshwater samples and on literature data. For compost, nine composting processes were 
sampled at different time points, these include five processes according to the Controlled 
Microbial Composting method (=farm composting), three small scale processes in barrels and 
one industrial green waste composting process. Seven additional samples of mature composts 
were analyzed from a green waste process and six farm composting processes executed at the 
experimental farm of the Institute for Agricultural and Fisheries Research (ILVO, Merelbeke, 
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Belgium). For more detailed information on the used method of sampling and processing of the 
samples see Chapters 2, 4 & 7. The included new records of freshwater nematodes are the result 
of about thirty randomly taken samples from freshwater habitats (ponds, lakes, cannals, etc.). 
The presented list includes the main characteristic of the site where the taxa were first recorded 
in Belgium, T= terrestrial, C= compost, Fw= freshwater, Bw= brackish water and Bs= brackish soil. 
This habitat indication is not exhaustive, presence in other habitats in- or outside Belgium is not 
provided. However, although this list only contains non-marine nematodes, taxa known to have 
also a marine distribution in- or outside Belgium are indicated with (M). Generally, the 
classification of De Ley and Blaxter (2004) is followed up to family level, unless stated otherwise. 
For the orders Triplonchida and Plectida, classifications of Holovachov nd Shoshin (in press) and 
Holovachov (in press), respectively, were used. For the Dorylaimida the classifications of Peña-
Santiago (2006) and Vinciguerra (2006) were appplied while for the Mononchida the 
classification of Zullini and Peneva (2006) was applied. For classification of the infraorder 
Tylenchomorpha Decraemer and Hunt (2006) was used. On subfamily level more specialized 
classifications were followed for the following taxa: Rhabditidae (Sudhaus 2011); Diplogasteridae 
s.l. (Sudhaus and Fürst von Lieven 2003); Criconematidae (Geraert 2010) and Dolichodoridae and 
Psilenchidae (Hunt, Bert & Siddiqi, in press).  
3.4 Results & Discussion 
Compost nematodes 
The study of the hitherto completely unexplored compost biotope resulted in 35 different taxa 
21 of which were new records for Belgium (7 species, 13 genera and 1 family) (Table 1): 
Neotylenchidae unidentified sp., Nygolaimoides sp.; Ektaphelenchoides p.; Ditylenchus filimus; 8 
rhabditids: Crustorhabditis sp. Cruznema sp., Diploscapter coronatus, Parasitorhabditis sp., 
Pelodera cylindrica, Pelodera terres, Rhabditophanes cobbi, Teratorhabditis sp.; 6 diplogasterids: 
Acrostichus sp., Diplogaster sp., Diplogasteritus sp., Diplogasterioides sp., Fictor sp., 
Mononchoides composticola nd 3 panagrolaimids: Panagrellus sp., Panagrolaimus labiatus, 
Procephalobus sp. Other genera recorded from compost but not new for Belgium were: 
Cephalobus, Eucephalobus, Aphelenchoides, Seinura, Filenchus, Butlerius, Bunonema, 
Cephaloboides, Choriorhabditis, Mesorhabditis, Poikilolaimus and Protorhabditis. Also 
Rhabditella axei and Halicephalobus cfr.4 gingivalis were found in compost however their 
recording was not new for Belgium. By far the most widespread taxa in the examined compost 
samples (based on presence or absence) were P lodera terres, Pelodera cylindrica, 
                                                          
4
 Unpublished results indicated considerable molecular differences between species that are 
morphologically identified as Halicephalobus gingivalis. 
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Aphelenchoides sp., Halicephalobus cfr. gingivalis, Poikilolaimus sp., Diploscapter coronatus, 
Acrostichus sp., Fictor sp. and Mononchoides composticola. For a detailed description of the 
latter see Part 2 of this chapter. Remarkably, the same genera and even the same species were 
recorded from the very limited compost samples studied by other authors. The majority of 
species found were also rhabditids, panagrolaims and diplogasterids, and with even the same 
genera or species. Eucephalobus, Diploscapter, Poikilolaimus sp., Aphelenchoides and 
Ditylenchus were found from compost in Russia (Gagarin 2000). Identical observations on 
species level include Panagrolaimus labiatus (China, Andrássy 1984), Ditylenchus filimus (West-
Canada, Anderson 1983) and Halicephalobus gingivalis (USA, Riverside, Nadler et al. 2003). The 
presence of a highly similar compost nematode diversity is at first sight difficult to explain given 
the geographic disparity and different feedstock materials. However, a compost process is a 
temporally vastly changing environment with food in abundance, selective for opportunistic 
nematodes that are highly efficient dispersers (Chapter 5). It is well-known that certain 
nematodes are excellent survivors (Wharton 2004) and very efficient dispersers (Hodda et al. 
2009); these characteristics, among others, may cause nearly cosmopolitan distributions (Artois 
et al. 2011). Mark that the occurence of nematodes marked in the list as comopost nematodes is 
not restricted to compost. For example the cosmopolitan and free-living Diploscapter coronatus 
was described, next to a terrestrial habitat, as a facultative parasite of humans (e.g. Athari and 
Mahmoudi 2008) and from necrotic nodules in the skin of snakes (Sabu et al. 2002). Also 
Halicephalobus gingivalis a free-living terrestrial panagrolaimid that is also capable of infecting 
and reproducing in horses, humans and zebras (Nadler et al. 2003). Other taxa from compost 
have a more specific biology, such as Neotylenchidae sp., which has alternating life cycles 
(parasitic in the insect haemocoel and a free-living, fungal- or plant-feeding generation) or 
Ektaphelenchoides p., which is known from insects associations in xylem of several woods 
(Siddiqi 2000 and Hunt 1993 respectively).  
Literature review and freshwater study 
The review of Coomans (1989) and Bert et al. (2003) together listed 290 taxa and another 124 
have now been added (Table 3.1). Seven nominal species have been removed from the 1989 list 
of Coomans because they have ben synonymized with other species on the list (i.e. C rvidellus 
serratus, Basiria minor, Filenchus filiformis, Meloidogyne deconincki, Neopsilenchus minor, 
Rotylenchus fallorobustus and Tylenchorinchus judithae).  
Next to the Tylenchomorpha already added in the list of Bert et al. (2003) the study of 
Coosemans (2002) reported 16 other new records for Belgium. A study on historical pollution 
(Bert et al. 2009) and one on the effect of exogenous organic matter on the nematode 
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community in agricultural soil (Leroy et al. 2009) revealed 4 and 6 new genera or taxa 
respectively. The works of Andrássy 2005 and 2007 together mentioned 2 free-living nematode 
species (i.e. Monhystera paludicola and Cylindrolaimus melancholicus) and 3 plant-parasitic 
species (Scutylenchus quadrifer, Scutylenchus tessellates and Criconemoides annulatus) that had 
not previously been recorded and according to Tiasi et al. (2010), Mylonchulus sigmaturellus was 
also found in Belgium. Although Nanidorus minor is mentioned from Belgium (Andrássy 2009), 
this species is not added to the list because its identification is probably not correct and should 
be N. renifer (Braasch and Sturhan 1991). Concerning the plant-parasitic nematodes, Bongers 
(1994) and an additional 12 studies (Elbadri et al. 1999; Subbotin et al. 2000; Karssen et al. 2000; 
Rubtsova et al. 2001; Subbotin et al. 2003; Wobalem 2004; Madan et al. 2005; Kovaleva et al. 
2005; Viaene et al. 2007; Leroy et al. 2009; Sturhan and Hallmann 2010; Vandenbossche et al. 
2011) together yielded 28 new records for Belgium, which now have been added to the list. Six 
new records of entomopathogenic species were provided by Miduturi et al. (1996), Spiridonov 
and Moens (1999), Ansari et al. (2003) and Ansari et al. (2007): Steinernema affine, S. 
carpocapsae, S. feltiae, S. kraussei and Heterorhabditis bacteriophora nd H. megidis. A study 
based on two Belgian brackish water stations in the river Scheldt by De Block (1994) resulted in 
23 additional new records for Belgium. 
The freshwater nematode specis list was updated with 5 new species from farmland ponds 
(Bert et al. 2007). Additional sampling of several ponds, lakes, and canals in Belgium resulted in 7 
new records. Hirschmanniella behningi was found from a very small pond, in De Haan 
(51°16'57.01"N; 3° 3'55.33"E; voucher UGnem79), the pond has been muted in the meantime. 
Eutobrilus nothus and Semitobrilus pellucidus were recorded from a small lake in Geel 
(51°10'23.96"N; 5° 2'34.70"E). Limnomermis 
Grobbendonk (51°11'5.71"N; 4°47'1.78"E). Rhabdolaimus terrestris and Chromadorina bioculata 
were recovered from lakes that originate from the excavation of white sand in Mol 
(51°13'48.95"N; 5°10'37.14"E) and Dessel (51°15'47.89"N; 5° 8'15.60"E) respectively. 
Panagrolaimus thienemanni (synonym of Propanagrolaimus filiformis) was found in an artificial 
fish pond in Geel (51°7'37.25"N; 4°59'22.59"E). A series of digital images and the SSU rDNA of 
each of the above freshwater species is available (Helder et al., unpublished). 
3.5. Conclusion 
In total 124 new records were added to the list of Coomans (1989) combined with Bert et al. 
(2003): i.e. 21 from the newly explored compost habitat, 7 from freshwater samples and 96 from 
published data in literature. Although the diversity in the compost samples itself was relatively 
low (only 2-10 different taxa per sample), more than half of the recorded taxa were new (21 out 
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of 35) for Belgium. This indicates that the free-living terrestrial taxa, especially from poorly 
investigated habitats, are still underrepresented and that investigation of other unexplored 
habitats will easily reveal more new records for Belgium.  
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Table 3.1: 
Updated list of the nematode taxa from Belgium. The main characteristic of the site where the taxa were 
first recorded in Belgium is indicated by T= terrestrial, C= compost, Fw= fresh water, Bw= Brackish water, 
Bs= Brackish soil or U= unknown. Taxa known to also have a marine distribution in-or outside Belgium are 
indicated with (M). Numbers refer to studies were the taxa are mentioned; 1: Coomans (1989); 2: Geraert 
et al. (1988); 3: Bongers (1999); 4: De Block (1994); 5: Miduturi et al. (1996); 6: Spiridonov and Moens 
(1999); 7: Elbadri et al. (1999); 8: Bert and Geraert (2000); 9: Subbotin et al. (2000); 10: Karssen et al. 
(2000); 11: Rubtsova et al. (2001); 12: Coosemans (2002); 13: Bert et al. (2003); 14: Subbotin et al. (2003); 
15: Ansari et al. (2003); 16: Wobalem (2004); 17: Andrássy (2005); 18: Madan et al. (2005); 19: Kovaleva et 
al. (2005); 20: Ansari et al. (2007); 21: Bert et al. (2007); 22: Andrássy (2007); 23: Viaene et al. (2007); 24: 
Bert et al. (2009); 25: Leroy et al. (2009); 26: Tiasi et al. (2010); 27: Sturhan and Hallmann (2010); 28: 
Vandenbossche et al. (2011); 29: Chapter 3 part 2; 30: new data from freshwater samples; 31: present 
data on compost nematofauna; 32: Fonderie et al., in press.  







   
Suborder Enoplina 
  
     
Family Anoplostomatidae 
  
      
Anoplostoma campbelli Allgén, 1932 Bs Bw (M) 1 
      
Anoplostoma viviparum (Bastian, 1865) Bütschli, 1874 Bw (M) 4 
   
Suborder Oncholaimina 
  
     
Family Oncholaimidae 
  
      
Adoncholaimus thalassophygas (de Man, 1876)  Bw Bs (M) 1 
      
Oncholaimus oxyuris Ditlevsen, 1911 Bw Bs (M) 1 
      
Viscosia viscosa (Bastian, 1865) de Man, 1890 Bw (M) 4 
     
Family Enchelidiidae 
  
      
Calyptronema  Bw (M) 4 
   
Suborder Ironina 
  
     
Family Ironidae 
  
      
Syringolaimus striatocaudatus de Man, 1888 Bs (M) 1 
     
Family Oxystominidae 
  
      
Halalaimus gracilis de Man, 1888 Bw (M) 4 
      
Nemanema  Bw (M) 4 
   
Suborder Tripyloidina 
  
     
Family Tripyloididae 
  
      
Tripyloides gracilis (Ditlevsen, 1918) Bw (M) 4 
   
Suborder Alaimina 
  
     
Family Alaimidae 
  
      
Alaimus mucronatus Altherr, 1950 T 12 
      
Alaimus proximus Thorne, 1939 T 12 
      
Alaimus primitivus de Man, 1880 T 1 
      
Amphidelus elegans (de Man, 1921) Thorne, 1939 T 1 
      
Paramphidelus dolichurus (de Man, 1876) Andrássy, 1977 T 1 
      









     
Family Diptherophoridae 
  
      
Diphtherophora communis de Man, 1880 T 1 
      
Diphtherophora vanoyei De Coninck, 1931 T Fw 1 
      
Tylolaimophorus typicus de Man, 1880 T 1 
     
Family Trichodoridae 
  
      
Nanidorus nanus (Allen, 1957) Siddiqi, 1974 T 1 
      
Paratrichodorus pachydermus (Seinhorst, 1954) Siddiqi, 1974 T 1 
      
Paratrichodorus teres (Hooper, 1972) Siddiqi, 1974 T 1 
      
Trichodorus cylindricus Hooper, 1962 T 1 
      
Trichodorus primitivus (de Man, 1880) Micoletzky, 1922 T 1 
      
Trichodorus similis Seinhorst, 1963 T 1 
      
Trichodorus sparsus Szczygiel, 1968 T 1 
      
Trichodorus variopapillatus Hooper, 1972 T 1 
      
Trichodorus velatus Hooper, 1972 T 1 
      
Trichodorus viruliferus Hooper, 1963 T 1 
   
Suborder Tobrilina 
  
     
Family Bastianiidae 
  
      
Bastiania gracilis de Man, 1876 T 1 
     
Family Prismatolaimidae 
  
      
Prismatolaimus dolichurus de Man, 1880 Fw T 1 
      
Prismatolaimus intermedius (Bütschli, 1873) de Man, 1880 T 1 
     
Family Tobrilidae 
  
      
Brevitobrilus stefanskii (Micoletzky, 1925) Tsalolikhin, 2002 Fw 21 
      
Eutobrilus nothus Gagarin, 1989 Fw 30 
      
Neotobrilus diversipapillatus (Daday, 1905) Tsalolikhin, 1981 Fw 21 
      
Semitobrilus pellucidus (Bastian, 1865) Tsalolikhin, 1981 Fw 30 
      
Tobrilus gracilis (Bastian, 1865) Andrássy, 1959 Fw T 1 
   
Suborder Tripylina 
  
     
Family Tripylidae 
  
      
Tripyla filicaudata de Man, 1880 T 1 
      
Tripyla glomerans Bastian, 1865 Fw T Bw 1 
      





Order Dorylaimida  
  
   
Suborder Dorylaimina 
  
     
Family Belondiridae 
  
      
Axonchium coronatum (de Man, 1906) Thorne & Swanger, 1936 T 3 
      
Dorylaimellus demani Goodey, 1963 T 1 
      
Oxydirus Thorne, 1939 T 25 
     
Family Mydonomidae 
  
      
Dorylaimoides limnophilus (de Man, 1880) Loof, 1964 T 1 
     
Family Tylencholaimellidae 
  
      
Tylencholaimellus striatus Thorne, 1939 T 1 
     
Family Tylencholaimidae 
  
      
Tylencholaimus mirabilis (Bütschli, 1873) de Man, 1876 T 1 
      
Tylencholaimus proximus Thorne, 1939 T 1 
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Tylencholaimus stecki Steiner, 1914 T 1 
   
Suborder Nygolaimina 
  
     
Family Actinolaimidae 
  
      
Paractinolaimus macrolaimus (de Man, 1880) Andrássy, 1964 Fw T 1 
     
Family Aporcelaimidae 
  
      
Aporcelaimellus obscurus (Thorne & Swanger, 1936) Heyns, 1965 T 1 
      
Aporcelaimellus obtusicaudatus (Bastian, 1865) Heyns, 1965 T Fw Bw 1 
      
Aporcelaimellus tritici (Bastian, 1865) Andrássy, 1986 T Fw 1 
      
Aporcelaimus regius (de Man, 1880) Thorne & Swanger, 1936 T 1 
     
Family Dorylaimidae 
  
      
Chrysodorus filiformis (Bastian, 1865) Andrássy, 1988 T 1 
      
Dorylaimus crassus de Man, 1884 T 1 
      
Dorylaimus stagnalis Dujardin, 1845 Fw 21 
      
Mesodorylaimus bastiani (Bütschli, 1873) Andrássy, 1959 T Bw 1 
      
Prodorylaimium brigdammense (de Man, 1876) Andrássy, 1969 T Fw 1 
      
Prodorylaimus rotundiceps Loof, 1985 T 12 
     
Family Longidoridae 
  
      
Longidorus attenuates Hooper, 1961 T 1 
      
Longidorus caespiticola Hooper 1961 T 1 
      
Longidorus cylindricaudatus Korlowska & Seinhorst, 1979 T 1 
      
Longidorus elongatus (de Man, 1876) Thorne & Swanger, 1936 T 1 
      
Longidorus goodeyi Hooper, 1961 T 1 
      
Longidorus intermedius Korlowska & Seinhorst, 1979 T 1 
      
Longidorus leptocephalus Hooper, 1961 T 1 
      
Longidorus macrosoma Hooper, 1961 T 1 
      
Longidorus profundorum Hooper, 1966 T 1 
      
Longidorus sturhani Robustova, Subbotin, Brown & Moens, 2001 T 11 
      
Longidorus vineacola Sturhan & Weischer, 1964 T 1 
      
Paralongidorus maximus (Buetschli, 1874) Siddiqi, 1964 T 3 
      
Xiphinema coxi Tarjan, 1964 T 1 
      
Xiphinema diversicaudatum (Micoletzky, 1927) Thorne, 1939 T 1 
     
Family Nordiidae 
  
      
Dorydorella pratensis (de Man, 1880) Andrássy, 1986 T Bs 1 
      
Longidorella parva Thorne, 1939 T 1 
      
Pungentus engadinensis (Altherr, 1950) Altherr, 1952 T 1 
      
Pungentus silvestris (de Man, 1912) Coomans & Geraert, 1962 T 1 
     
Family Qudsianematidae 
  
      
Crassolabium   T 24 
      
Ecumenicus monohystera (de Man, 1880) Thorne, 1974 T 1 
      
Epidorylaimus consobrinus (de Man, 1918) Andrássy, 1986 T 1 
      
Eudorylaimus acuticauda (de Man, 1880) Andrássy, 1986  T Bs 1 
      
Eudorylaimus carteri (Bastian, 1865) Andrássy, 1959 T Fw Bs Bw 1 
      
Eudorylaimus centrocercus (de Man, 1880) Andrássy, 1959 T 1 
      
Labronema vulvapapillatum (Meyl, 1954) Loof & Grootaert, 1981 T 3 
      
Microdorylaimus modestus (Altherr, 1952) Jairajpuri, 1970 T 12 





      
Ophistodorylaimus sylphoides (Williams, 1959) Carbonell & Coomans, 1986 T 12 
     
Family Thorniidae 
  
      
Nygolaimoides   C 31 
      
Thornia    T 24 
     
Family Nygolaimidae 
  
      




   
Suborder Mononchina 
  
     
Family Anatonchidae 
  
      
Anatonchus tridentatus (de Man, 1876) Cobb, 1916 T 1 
     
Family Mononchidae 
  
      
Clarkus papillatus (Bastian, 1865) Jairajpuri, 1970 T 12 
      
Coomansus parvus (de Man, 1880) Jairajpuri & Khan, 1977 T 25 
      
Mononchus aquaticus Coetzee, 1968 Fw 1 
      
Mononchus tunbridgensis Bastian, 1865 Fw 21 
      
Prionchulus muscorum (Dujardin, 1845) Cobb, 1916 T 1 
      
Prionchulus punctatus Cobb, 1917  T 1 
     
Family Mylonchulidae 
  
      
Mylonchulus brachyuris (Bütschli, 1873) Cobb, 1917 T 1 
      




     
Family Isolaimiidae 
  
      




     
Family Mermithidae 
  
      
Limnomermis    Fw 30 








   
Suborder Desmoscolecida 
  
     
Family Desmoscolecidae 
  
      




     
Family Aphanolaimidae 
  
      
Aphanolaimus aquaticus Daday, 1894 T Fw 1 
      
Aphanolaimus attentus de Man, 1880 T Fw 1 
      
Aphanolaimus deconincki Coomans & De Waele, 1983 T Fw 1 
      
Aphanolaimus pseudoattentus Coomans & De Waele, 1983 T 1 
     
Family Camacolaimidae 
  
      
Deontolaimus papillatus de Man, 1880 Bs (M) 1 
      
Camacolaimus tardus de Man, 1889 Bw (M) 4 
     
Family Chronogasteridae 
  
      
Chronogaster typica de Man, 1921 Fw 1 
     
Family Leptolaimidae 
  
      
Antomicron elegans (de Man, 1922) Bw (M) 4 
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Leptolaimus papilliger de Man, 1876 Bw (M) 4 
     
Family Metateratocephalidae 
  
      
Metateratocephalus crassidens (de Man, 1880) Eroshenko, 1973 T  1 
     
Family Plectidae 
  
      
Anaplectus granulosus (Bastian, 1865) De Coninck & Schuurmans Stekhoven, 
1933 T Bs 1 
      
Plectus acuminatus Bastian, 1865 T 12 
      
Plectus armatus (Bütschli, 1873) Andrássy, 1984 T Bw 1 
      
Plectus cirratus Bastian, 1865 Fw T Bw  1 
      
Plectus geophilus de Man, 1880 T 1 
      
Plectus parvus Bastian, 1865 T 1 
      
Plectus longicaudatus Bütschli, 1873 T 1 
      
Plectus parietinus Bastian, 1865 T 12 
      
Plectus pusillus Cobb, 1893 T 1 
      
Plectus rhizophilus de Man, 1880 T 1 
      
Plectus tenuis Bastian, 1865 T 25 
      
Tylocephalus auriculatus (Bütschli, 1873) Crossman, 1933 T 1 
      
Wilsonema otophorum (de Man, 1880) Cobb, 1913 T 1 
      
Wilsonema schuurmansstekhoveni (De Coninck, 1931) Zell, 1982 T 3 
     
Family Rhabdolaimidae 
  
      




     
Family Axonolaimidae 
  
      
Axonolaimus paraspinosus Schuurmans Steckhoven & Adam 1931 Bs (M) 4 
     
Family Comesomatidae 
  
      
Sabatieria pulchra (Schneider, 1906) Bs (M) 4 
     
Family Diplopeltidae 
  
      
Cylindrolaimus communis de Man, 1880 T 1 
      
Cylindrolaimus melancholicus de Man, 1880 T 17 
      




   
Suborder Monhysterina 
  
     
Family Monhysteridae 
  
      
Diplolaimella allgeni Schneider, 1967 Bw 4 
      
Diplolaimella dievengatensis Jacobs, Van de Velde, Geraert & Vranken, 1990 Bw Bs  1 
      
Diplolaimella ocellata (Bütschli, 1874) Gerlach, 1957 Bw 1 
      
Eumonhystera filiformis (Bastian, 1865) Andrássy, 1981 Fw Bs Bw T 1 
      
Eumonhystera vulgaris (de Man, 1880) Andrássy, 1981 T 1 
      
Geomonhystera villosa (Bütschli, 1873) Andrássy, 1981 T 1 
      
Halomonhystera disjuncta (Bastian, 1865) Andrássy, 2006 Bs Bw (M) 1 
      
Monhystera microphthalma de Man, 1880 Bw (M) 1 
      
Monhystera paludicola de Man, 1981 T 15 
      
Monhystera riemanni Jacobs & Heyns, 1987 Fw 21 
      
Monhystrella macrura (de Man, 1880) Andrássy, 1981 Bs Bw 1 
      
Monhystrella parelegantula (De coninck, 1943) Andrássy, 1981  Bw Bs 1 
COMPOST NEMATOFAUNA 
70 
      
Thalassomonhystera parva (Bastian, 1865) Jacobs, 1987 Bw Bs (M) 1 
     
Family Spaerolaimidae 
  
      
Sphaerolaimus gracilis de Man, 1876 Bs (M) 1 
     
Family Xyalidae 
  
      
Daptonema setosum (Bütschli, 1874) Bw (M) 4 
      
Theristus longisetosus (Schuurmans Stekhoven & De Coninck, 1933) Bw (M) 1 
      
Theristus velox (Bastian, 1865) Bs Bw 1 
   
Suborder Linhomoeina 
  
     
Family Linhomoeidae 
  
      




   
Suborder Desmodorina 
  
     
Family Microlaimidae 
  
      
Calomicrolaimus honestus (de Man, 1922) Bw (M) 4 
      
Microlaimus acuticaudatus Schuurmans Stekhoven & De Coninck, 1933 Bw (M) 1 
      
Microlaimus globiceps de Man, 1880 Bw Bs (M) 1 
      
Microlaimus robustidens Schuurmans Stekhoven & De Coninck, 1933 Bw (M) 1 
      




   
Suborder Chromadorina  
  
     
Family Achromadoridae 
  
      
Achromadora ruricola (de Man, 1880) Micoletzky, 1925 T 1 
     
Family Chromadoridae 
  
      
Chromadorina bioculata (Schultze In Carus, 1857) Wieser, 1954 Fw (M) 30 
      
Dichromadora geophila (de Man, 1876) Kreis, 1929 Bw (M) 4 
      
Hypodontolaimus balticus (Schneider, 1906) Filipjev, 1918 Bw (M) 4 
      
Neochormadora complexa Gerlach, 1953 Bw (M) 4 
      
Ptycholaimellus ponticus (Filipjev, 1922) Gerlach, 1955 Bw (M) 4 
      
Spilophorella paradoxa (de Man, 1888) Filipjev, 1917 Bw (M) 4 
     
Family Cyatholaimidae 
  
      
Paracanthonchus caecus (Bastian, 1865) Micoletzky, 1924 Bw (M) 4 
      
Paracyatholaimus intermedius (de Man 1880) Filipjev, 1930 Bw T (M) 1 
     
Family Ethmolaimidae 
  
      




     
Incertae sedis: Family Teratocephalidae 
  
      
Teratocephalus terrestris (Bütschli, 1873) de Man, 1876 T  1 
      
Teratocephalus costatus Andrássy, 1958 T  12 
   
Suborder Tylenchina 
  
    
Infraorder Panagrolaimorpha 
  
     
Family Panagrolaimidae 
  
      
Halicephalobus cfr. gingivalis Stefanski, 1954  T C 32 
      
Halicephalobus laticauda Geraert, Sudhaus, Lenaerts & Bosmans, 1988 T 2 
      
Panagrolaimus rigidus (Schneider, 1866) Thorne, 1937 T Fw Bw Bs 1 
      
Panagrolaimus labiatus (Kreis, 1929) Andrássy, 1960 C 31 
      
Panagrolaimus subelongatus (Cobb, 1914) Thorne, 1937 T 12 
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Propanagrolaimus filiformis (de Man, 1880) Andrássy, 2005 Fw 30 
      
Procephalobus  C 31 
      
Panagrellus   C 31 
     
Family Steinernematidae 
  
      
Heterorhabditis bacteriophora Poinar, 1976 T 15 
      
Heterorhabditis megidis Poinar, Jackson & Klein, 1987 T 15 
      
Steinernema affine (Bovien, 1937) Wouts, Mrácek, Gerdin & Bedding, 1982 T 5 
      
Steinernema carpocapsae Weiser, 1955 T 20 
      
Steinernema feltiae (Filipjev, 1934) Wouts, Mrácek, Gerdin & Bedding, 1982 T 5 
      
Steinernema kraussei (Steiner, 1923) Travassos, 1927 T 6 
    
Infraorder Cephalobomorpha 
  
     
Family Cephalobidae  
  
      
Acrobeles ciliatus v. Linstov, 1877 T 1 
      
Acrobeloides nanus (de Man, 1880) Thorne, 1937 T 1 
      
Acrolobus emarginatus (de Man, 1880) Thorne, 1937 T 1 
      
Acrobelophis minimus (Thorne, 1937) Andrássy, 1984 T 1 
      
Acrobelophis deconincki (Coomans, 1962) Vinciguerra & Clausi, 1996 T 1 
      
Cephalobus persegnis Bastian, 1865 T 1 
      
Cervidellus vexilliger (de Man, 1880) Thorne, 1937 T 1 
      
Chiloplacus demani (Thorne, 1925) Schneider, 1939 T 1 
      
Eucephalobus oxyuroides (de Man, 1876) Steiner 1936  T Bw 1 
      
Eucephalobus striatus (Bastian, 1865) Thorne, 1937 T Fw Bw Bs 1 
      
Heterocephalobus elongatus (de Man, 1880) Andrássy, 1967 T Bw 1 
      
Heterocephalobus longicaudatus (Bütschli, 1873) T 25 
      
Seleborca complexus (Thorne, 1925) Andràssy, 1985 T 1 
      
Seleborca mariannae (Andrássy, 1968) Andrássy, 1985 T 12 
     
Family Osstellidae 
  
      
Drilocephalobus goodeyi Suryawanshi & Christy, 1973 T 1 
    
Infraorder Tylenchomorpha 
  
     
Family Anguinidae 
  
      
Ditylenchus destructor Thorne, 1945 T 13 
      
Ditylenchus dipsaci (Kühn, 1857) Filipjev, 1936 T 1 
      
Ditylenchus filimus Anderson, 1983 C 31 
      
Ditylenchus intermedius (de Man, 1880) Filipjev, 1936 T 1 
      
Pseudhalenchus minutus Tarjan, 1958 T 1 
      
Subanguina radicicola (Greeff, 1872) Paramonov, 1968 T 1 
     
Family Aphelenchidae 
  
      
Aphelenchus avenae Bastian, 1865 T 1 
     
Family Aphelenchoididae 
  
      
Aphelenchoides asterocaudatus Das, l960 T 13 
      
Aphelenchoides bicaudatus (Imamura, 1931) Filipjev & Schuurmans 
Stekhoven, 1941 T 1 
      
Aphelenchoides blastopthorus Franklin, 1952 T 13 
      
Aphelenchoides composticola Franklin, 1957 T 1 
      
Aphelenchoides fragariae (Ritzema Bos, 1890) Christie, 1932 T 1 
      
Aphelenchoides parietinus (Bastian, 1865) Steiner, 1932 T 1 
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Aphelenchoides ritzemabosi (Schwartz, 1911) Steiner & Buhrer, 1932 T 1 
      
Aphelenchoides subtenuis (Cobb, 1926) Steiner & Buhrer, 1932 T 1 
      
Aprutides guidettii Scognamiglio, 1974 T 12 
      
Ektaphelenchoides   C 31 
      
Laimaphelenchus  penardi (Steiner, 1914) Filipjev & Schuurmans Stekhoven, 
1941 T 13 
      
Seinura diversa (Paesler, 1957) Goodey, 1960 T 1 
     
Family Criconematidae 
  
      
Criconema annuliferum (de Man, 1921) Micoletzky, 1925 T 1 
      
Criconema demani Micoletzky, 1925 T 8 
      
Criconema longulum Gunhold, 1953 T 1 
      
Criconema loofi (De Grisse, 1967) Raski & Luc, 1985 T 1 
      
Criconema mutabile (Taylor, 1936) Raski & Luc, 1985 T 12 
      
Criconema princeps (Andràssy, 1962) Raski & Luc, 1985 T 1 
      
Criconema sphagni Micoletzky, 1925 T  1 
      
Criconemoides amorphus De Grisse, 1967 T 1 
      
Criconemoides annulatus Cobb in Taylor, 1936 T 22 
      
Criconemoides informis (Micoletzky, 1922) Taylor, 1936 T 1 
      
Criconemoides morgensis (Hofmänner in Hofmänner & Menzel, 1914) 
Taylor, 1936 T 1 
      
Criconemoides parvus Raski, 1952 T 1 
      
Crossonema menzeli (Stefanski, 1924) Metha & Raski, 1971 T 1 
      
Hemicriconemoides pseudobrachyurus De Grisse, 1964 T 1 
      
Mesocriconema axeste (Fassuliotis & Williamson, 1959) Loof & De Grisse, 
1989 T 1 
      
Mesocriconema crenatum (Loof, 1964) Andrássy, 1965 T 1 
      
Mesocriconema curvatum (Raski, 1952) Loof & De Grisse, 1989 T 1 
      
Mesocriconema dherdei (De Grisse, 1967) Loof & De Grisse, 1989 T 1 
      
Mesocriconema irregulare (De Grisse, 1964) Loof & De Grisse, 1989 T 1 
      
Mesocriconema kirjanovae (Andrássy, 1962) Loof & De Grisse, 1989 T 8 
      
Mesocriconema maritimum (De Grisse, 1964) Loof & De Grisse, 1989 T 1 
      
Mesocriconema ornatum (Raski, 1952) Loof & De Grisse, 1989 T 1 
      
Mesocriconema pseudosolivagum (De Grisse, 1964) Loof & De Grisse, 1989 T 1 
      
Mesocriconema raskiense(De Grisse, 1964) Andrássy, 1965 T 1 
      
Mesocriconema rotundicauda (Loof, 1964) Loof, 1989 T 1 
      
Mesocriconema rusticum (Micoletzky, 1915) Loof & De Grisse, 1989 T 1 
      
Mesocriconema solivagum (Andrássy, 1962) Loof & De Grisse, 1989 T 1 
      
Mesocriconema sphaerocephala (Taylor, 1936) Loof, 1989 T 1 
      
Mesocriconema vadense (Loof, 1964) Loof & De Grisse, 1989 T 1 
      
Mesocriconema xenoplax (Raski, 1952) Loof, 1989 T 1 
      
Ogma cobbi (Micoletzky, 1925) Siddiqi, 1986 T 1 
      
Xenocriconemella macrodora (Taylor, 1936) De Grisse & Loof, 1965 T 1 
     
Family Dolichodoridae 
  
      
Amplimerlinius icarus (Wallace & Greet, 1964) Siddiqi, 1976  T 8 
      
Amplimerlinius macrurus (Goodey, 1932) Siddiqi, 1976 T 1 
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Macrotrophurus arbusticola Loof, 1958 T 1 
      
Merlinius brevidens (Allen, 1955) Brzeski, 1991 T 1 
      
Merlinius joctus (Thorne, 1949) Brzeski, 1991 T 1 
      
Merlinius microdorus (Geraert, 1966) Brzeski, 1991 T 1 
      
Merlinius nanus (Allen, 1955) Brzeski, 1991 T 1 
      
Merlinius nothus (Allen, 1955) Brzeski, 1991 T 1 
      
Nagelus alpensis Doucet & Luc, 1981 Fw 3 
      
Nagelus obscurus (Allen, 1955) Powers, Baldwin & Bell, 1983 Fw 8 
      
Neodolichodorus lamelliferus (de Man, 1880) Filipjev, 1936 T 1 
      
Neodolichodorus microphasmis Loof, 1960 T 1 
      
Quinisulcius capitatus Allen, 1955 T 1 
      
Scutylenchus quadrifer (Andràssy, 1954) Brzeski, 1991 T 1 
      
Scutylenchus tessellatus (Goodey, 1952) Brzeski, 1991 T 1 
      
Telotylenchus ventralis (Loof, 1963) Fortuner & Luc 1987 T 1 
      
Tylenchorhynchus claytoni Steiner, 1937 T 1 
      
Tylenchorhynchus contractus Loof, 1964 T 3 
      
Tylenchorhynchus dubius (Bütschli, 1873) Filipjev, 1936 T 1 
      
Tylenchorhynchus maximus Allen, 1955 T 1 
     
Family Hemicycliophoridae 
  
      
Hemicycliophora conida Thorne, 1955 T 1 
      
Hemicycliophora similis Thorne, 1955 T 1 
      
Hemicycliophora thienemanni (Schneider,1952) Loof, 1984 T 28 
      
Hemicycliophora triangulum Loof, 1968 T 8 
     
Family Hoplolaimidae 
  
      
Globodera pallida (Stone, 1973) Behrens, 1975 T 18 
      
Globodera rostochiensis (Wollenweber, 1923) Behrens, 1975 T 1 
      
Helicotylenchus canadensis Waseem, 1961 T 13 
      
Helicotylenchus exallus Sher, 1966 U 8 
      
Helicotylenchus minzi Sher, 1966 T 1 
      
Helicotylenchus multicinctus (Cobb, 1893) Golden, 1956 T 1 
      
Helicotylenchus pseudorobustus (Steiner, 1914) Golden, 1956 T 1 
      
Helicotylenchus varicaudatus Yuen, 1964 T 8 
      
Heterodera aucklandica Wouts & Sturhan, 1995 T 14 
      
Heterodera avenae Wollenweber, 1924 T 1 
      
Heterodera bifenestra Cooper, 1955 T 28 
      
Heterodera cruciferae Franklin, 1945 T 1 
      
Heterodera goettingiana Liebscher, 1892 T 1 
      
Heterodera hordecalis Andersson, 1975 T 28 
      
Heterodera humuli Filipjev, 1934 T 1 
      
Heterodera mani Matthews, 1971 T 28 
      
Heterodera ripae Subbotin, Sturhan, Rumpenhorst & Moens, 2003 T 19 
      
Heterodera salixophila Kirjanova, 1969 T 9 
      
Heterodera schachtii Schmidt, 1871 T 1 
      
Heterodera trifolii Goffart, 1932 T 1 
      
Heterodera ustinovi Kirjanova, 1969 T 14 
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Heterodera utricae Cooper, 1955 T 9 
      
Meloidodera alni Turkina & Chizhov, 1986 T 9 
      
Peltamigratus parapachyuris Rashid, 1986 T 3 
      
Punctodera punctata (Thorne, 1928) Mulvey & Stone, 1976 T 1 
      
Rotylenchus goodeyi Loof & Oostenbrink, 1958 T 1 
      
Rotylenchus robustus (de Man, 1880) Filipjev, 1936 T 1 
      
Rotylenchus uniformis (Thorne, 1949) Loof & Oostenbrink, 1958 T 1 
      
Rotylenchulus borealis Loof & Oostenbrink, 1962 T 28 
      
Scutylenchus quadrifer (Andrássy, 1954) Siddiqi, 1979 T 22 
      
Scutylenchus tessellates (Goodey, 1952) Siddiqi 1979 T 22 
     
Family Meloidogynidae 
  
      
Meloidogyne arenaria (Neal, 1889) Chitwood, 1949 [greenhouse] T 16 
      
Meloidogyne ardenensis Santos, 1968 T 1 
      
Meloidogyne chitwoodi (Golden, O' 
Bannon, Santo &Finley, 1980 T 8 
      
Meloidogyne duytsi Karssen, Van Aelst & Van Der Putten, 1998 T 8 
      
Meloidogyne fallax Karssen, 1996 T 8 
      
Meloidogyne hapla Chitwood, 1949 T 1 
      
Meloidogyne maritima (Jepson, 1987) Karssen, van Aelst & Cook, 1998 T 8 
      
Meloidogyne minor Karssen, Bolk, van Aelst, Van den Beld, Kox, Korthals, 
Molendijk, Zijlstra, van Hoof & Cook 2004 T 23 
      
Meloidogyne naasi Franklin, 1965 T 1 
     
Family Neotylenchidae  
  
      
Unidentified   C 31 
     
Family Pratylenchidae 
  
      
Hirschmanniella behningi (Micoletzky, 1923) Luc &Goodey, 1964 Fw 30 
      
Hirschmanniella caudacrena Sher, 1968  Fw 27 
      
Hirschmanniella gracilis (de Man, 1880) Luc &Goodey, 1964 T 8 
      
Hirschmanniella loofi Sher, 1968 T 8 
      
Hoplotylus femina  T 12 
      
Pratylenchoides crenicauda Winslow, 1958 T 1 
      
Pratylenchoides laticauda Braun & Loof, 1966 T 28 
      
Pratylenchoides magnicauda (Thorne, 1953) Baldwin, Luc & Bell, 1983 T 13 
      
Pratylenchus brzeskii Karssen, Waeyenberge & Moens, 2000 T 10 
      
Pratylenchus crenatus Loof, 1960 T 1 
      
Pratylenchus dellatrei Luc, 1958 T 1 
      
Pratylenchus fallax Seinhorst, 1968 T 1 
      
Pratylenchus flakkensis Seinhorst, 1968 T 8 
      
Pratylenchus neglectus (Rensch, 1924) Filipjev & Schuurmans Stekhoven, 
1941 T 1 
      
Pratylenchus penetrans (Cobb, 1917) Filipjev & Schuurmans Stekhoven, 1941 T 1 
      
Pratylenchus pratensis (De Man, 1880) Filipjev, 1936 T 1 
      
Pratylenchus pseudopratensis Seinhorst, 1968 T 1 
      
Pratylenchus thornei Sher & Allen, 1953 T 1 
      
Pratylenchus vulnus Allen & Jensen, 1951 T 1 
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Radopholus similis (Cobb, 1893) Thorne, 1949 T 7 
     
Family Psilenchidae 
  
      
Psilenchus aestuarius Andrássy, 1962 T 13 
      
Psilenchus clavicaudatus (Micoletzky, 1922) Thorne, 1949 T 1 
      
Psilenchus hilarulus de Man, 1921 T 1 
      
Psilenchus terrextremus Hagemeyer & Allen, 1952 T 25 
     
Family Sphaerulariidae  
  
      
Prothallonema consobrinum (de Man, 1907) Siddiqi, 1986 T 1 
     
Family Tylenchidae 
  
      
Aglenchus agricola (de Man, 1884) Andrássy, 1954 T Fw Bw Bs 1 
      
Basiria aberrans (Thorne, 1949) Siddiqi, 1963 T 1 
      
Basiria duplexa (Hagemeyer & Allen, 1952) Geraert, 1968 T 1 
      
Basiria flandriensis Geraert, 1968 T 1 
      
Basiria gracilis (Thorne, 1949) Siddiqi, 1963 T 1 
      
Basiria graminophila Siddiqi, 1951 T 8 
      
Boleodorus clavicaudatus (Thorne, 1941) Mathur, Khan & Prasad, 1966 T 1 
      
Boleodorus thylactus Thorne, 1941 T 1 
      
Boleodorus volutus Lima & Siddigi, 1963 T 1 
      
Cephalenchus hexalineatus (Geraert, 1962) Geraert & Goodey, 1964 T 13 
      
Cephalenchus leptus Siddiqi, 1963 T 8 
      
Coslenchus alacinatus Siddiqi, 1981 U 8 
      
Coslenchus andrassyi Brzeski, 1987 T 13 
      
Coslenchus costatus (de Man, 1921) Siddiqi, 1978 T 1 
      
Coslenchus polonicus Brzeski, 1982 T 8 
      
Ecphyadophora tenuissima de Man, 1921 T 1 
      
Filenchus baloghi (Andrássy, 1958) Siddiqi, 1986 T 1 
      
Filenchus discrepans(Andrássy, 1954) Raski & Geraert, 1987 T 12 
      
Filenchus helenae (Szczygiel, 1969) Raski & Geraert, 1987 T 12 
      
Filenchus misellus (Andrássy, 1958) Raski & Geraert, 1987 T 12 
      
Filenchus quartus Szczygiel, 1969 T 1 
      
Filenchus sandneri (Wasilewska, 1965) Raski & Geraert, 1987 T 13 
      
Filenchus terrestris Raski & Geraert, 1987 T 12 
      
Filenchus thornei Andràssy, 1954 T 1 
      
Filenchus vulgaris (Brzeski, 1963) Lownsbery & Lownsbery, 1985 T 8 
      
Irantylenchus vicinus (Szczygiel, 1970) Brzeski & Sauer, 1983 T 1 
      
Lelenchus leptosoma (de Man, 1880) Andrássy, 1954 T 1 
      
Malenchus acarayensis Andrássy, 1968 U 8 
      
Malenchus andrassyi Merny, 1970 T 12 
      
Malenchus bryophilus (Steiner, 1914) Andrássy, 1980 T 1 
      
Miculenchus salvus Andrássy, 1959 T 1 
      
Tylenchus arcuatus Siddiqi, 1963 T Fw 8 
      
Tylenchus davainei Bastian, 1965 T 1 
      
Tylenchus elegans de Man, 1876 T 13 
      
Neopsilenchus magnidens (Thorne, 1949) Thorne & Malek, 1968 T 1 





      
Paratylenchus aculentus Brown, 1959 T 8 
      
Paratylenchus goodeyi Oostenbrink, 1953 T 1 
      
Paratylenchus macrodorus Brzeski, 1963 T 1 
      
Paratylenchus microdorus Andràssy, 1959 T 1 
      
Paratylenchus nanus Cobb, 1923 T 1 
      
Paratylenchus projectus Jenkins, 1956 T 1 
      
Paratylenchus hamatus Thorne & Allen, 1950 T 1 
      
Paratylenchus similis Khan, Prasad & Mathur, 1967 T 8 
      
Paratylenchus straeleni (De Coninck, 1931) Oostenbrink, 1960 T  1 
   
Suborder Rhabditina 
  
    
Infraorder Diplogasteromorpha 
  
     
Family Diplogasteridae 
  
      
Achrostichus   C 31 
      
Butlerius degrissei (Grootaert & Jaques, 1979) Ebsary, 1986 T 1 
      
Butlerius butleri Goodey, 1929 T 25 
      
Diplogaster   C 31 
      
Diplogasteritus    C 31 
      
Fictor   C 31 
      
Paroigolaimella   T 25 
      
Tylopharynx foetida (Bütschli, 1874) Goodey, 1928 T 1 
     
Family Diplogasteroididae 
  
      
Diplogasteroides   C 31 
     
Family Neodiplogasteridae 
  
      
Mononchoides composticola Steel, Scholaert, Boshoff, Houthoofd & Bert, 
2011 C 29 
      
Pristionchus lheritieri (Maupas, 1919) Paramonov, 1952 T 1 
    
Infraorder Bunonematidomorpha 
  
     
Family Bunonematidae 
  
      
Bunonema reticulatum Richters, 1905 T 1 
      
Bunonema richtersi Jägerskiöld, 1901 T 12 
      
Craspedonema   T 12 
    
Infraorder Rhabditomorpha 
  
     
Family Rhabditidae 
  
      
Cephaloboides curvicaudatus (Schneider, 1866) Dougherty, 1953 T 1 
      
Choriorhabditis longicaudata (Bastian, 1865) Sudhaus, 2011 T 12 
      
Crusthorhabditis  C 31 
      
Cruznema   C 31 
      
Diploscapter coronatus (Cobb, 1893) Cobb, 1913 Fw T C 31 
      
Mesorhabditis monhystera (Bütschli, 1873) Andrássy, 1976 T 1 
      
Parasitorhabditis    C 31 
      
Pelodera teres Schneider, 1866 C 31 
      
Pelodera cylindrica (Cobb, 1898) Dougherty, 1953 C 31 
      
Pelodera cystilarva (Völk, 1950) Dougherty, 1955 T 12 
      
Pellioditis marina (Bastian, 1865) Andrássy, 1983 Bw (M) 1 
      
Pellioditis pellioides (Bütschli, 1873) Andrássy, 1983 T 1 
      
Poikilolaimus oxycerca (de Man, 1895) Sudhaus, 1980 T Fw 1 
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Protorhabditis filiformis (Bütschli, 1873) Sudhaus, 1976 T Fw 1 
      
Protorhabditis oxyuroides Sudhaus, 1974 T 1 
      
Rhabditella axei (Cobbold, 1884) Chitwood, 1933 T C 1 
      
Rhabditis terricola Dujardin, 1845 T 1 
      
Rhabditophanes cobbi (Hnatewytsch, 1929) Andrássy, 1983 C 31 
      
Rhabditophanes schneideri (Bütschli, 1873) Goodey, 1953 T 12 
      
Teratorhabditis   C 31 
  
